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Preliminary  Public  Health, 
Environmental  Risk,  and 
Data  Requirements  Assessment  for 
the  Herbicide  Orange  Storage  Site 
at  Johnston  Island 


Executive  Summary 


rhis  report  contains  the  results  of  a  screening-level  risk  assessmerit 
conducted  for  the  Air  Force  Occupational  and  Environmental  Health  Laboratory 
concerning  the  Herbicide  Orange  CHO)  storage  site  at  Johnston  Island  (JT).  ITie 
risk  assessment  is  part  of  the  remedial  investigation  and  feasibility  study 
(RI/FS)  process  established  by  the  U.S.  EPA  for  characterizing  the  naturf,-  and 
extent  of  risks  posed  by  hazardous  waste  sites  and  for  developing  and 
evaluating  remedial  options.  This  process  is  being  conducted  in  the  context  of 
the  U.S.  Department  of  Defense  (DoD)  Installation  Restoration  Program  (IRP). 

After  the  Vietnam  war,  in  April  1972,  1.37  million  gallons  of  unused  HO 
in  24,910  fifty- five  gallon  drums  were  transferred  to  JI  and  stored  on  a  4- acre 
site  at  the  northwest  comer  of  the  Island.  The  HO  stored  on  JI  was  successfully 
dedrummed  and  incinerated  at  sea  in  1977.  While  stored  on  the  Island,  the  sea 
air  corroded  some  of  the  steel  drums,  resulting  in  HO  leakage  onto  the  ground 
and  necessitating  an  active  maintenance  and  redrummmg  operation  at  the 
storage  site.  It  has  been  estimated  that  approximately  49,000  pounds  of  HO 
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escaped  into  the  environment  annually  during  the  period  from  1972  to  1977. 
The  HO  stock  was  determined  to  contain  two  active  ingredients  (the  n-butyl 
ester  of  2,4-dichlorophenoxy  acetic  acid  (2,4-D)  and  the  n-butyl  ester  of  2,4,5- 
trichlorophenoxy  acetic  acid  (2,4,5-T),  as  well  as  2,3,7,8-tetrachlorodibenzo-p- 
dioxin  (TCDD)  as  a  byproduct  contaminant  of  2,4,5-T,  Consequently,  through 
leakage  and  spillage  during  maintenance,  redrumming,  dedrumming,  and  drum 
crushing  operations,  the  site  was  contaminated  over  a  period  of  six  years  with 
2,4-D,  2,4,5-T,  and  TCDD.  The  site  has  remained  essentially  untouched  since 
that  time. ' 

Objectives  of  the  study.  There  is  some  concern  that  contaminants  at  the 
site  may  be  moving  offsite  into  all  environmental  media:  the  adjacent  air 
compartment,  seawater,  sea  sediments,  and  groundwater  aquifer  that  may 
underlie  the  site.  It  follows  that  if  the  contaminants  are  in  any  or  all  of  these 
media,  humans  associated  with  them  and  biota  contained  in  them  may  have  a 
potential  for  exposure  to  HO  site-derived  contaminants  and  an  attendant  health 
rifak.  Therefore,  the  site-specific  objectives  of  this  investigation  are  to  determine, 
based  on  available  evidence: 

•  The  potential  contaminants  at  the  site; 

•  The  levels  of  contaminants  at  the  site; 

•  The  potential  levels  of  the  contaminants  in  each  offsite 
environmental  compartment; 

•  The  potential  levels  of  exposure  to  humans  and  wildlife,  and  to 
humans  from  biomagnification  in  the  food  chain;  and  finally 

•  The  risk  of  health  injury  from  potential  multimedia  exposure. 


E3-2 


A  companion  objective  is  to  determine,  within  the  scope  of  existing 
environmental  regulations,  whether  the  quantified  risks  fell  within  acceptable 
risk  limits. 

The  HO  site  on  JI  is  a  unique  environment  with  exceptionally  uneven 
scientific  data  (particularly  on  the  monitoring  of  environmental  media)  because 
data  collection  practices,  in  accordance  with  the  needs  prescribed  for  a  baseline 
risk  assessment,  have  not  been  orderly  and  systematic  over  the  years  since  HO 
was  stored  there  and  contamination  began.  As  a  result,  the  risk  assessment 
contained  in  this  document  includes  reasonable  conservative  assumptions  to 
bridge  information  gaps  where  such  information  is  usually  present  to  support 
the  baseline  assessment.  A  more  complete  baseline  risk  assessment,  suitable 
for  responsible  decision-making  on  remedial  alternatives  and  closure,  can  be 
constructed  only  after  additional  field  data  at  the  HO  site  are  collected. 

Chemicals  at  the  site.  Thirteen  monitoring  studies  were  undertaken 
during  and  after  disposal  of  the  HO  to  characterize  the  site,  including  sampling 
of  marine  biota,  ocean  sediments,  air,  and  soil.  Selected  sampling  of  marine 
biota  have  revealed  the  presence  of  TCDD.  Although  sampling  has  not  been 
systematic  and  the  resiilts  are  not  definitive,  37%,  16%,  and  12.5%  of  the 
marine  biota  taken  at  three  sampling  sites  aroxmd  the  HO  site  contained 
measurable  quantities  of  TCDD.  Of  38  sediment  samples  taken  between  1985 
and  1988,  only  two  have  been  positive  (160  and  190  ppb)  above  the  50  or  100 
ppb  detection  limit  for  TCDD.  No  monitoring  has  been  conducted  for  2,4-D  and 
2,4,5-T  in  marine  sediments  and  biota. 

Air  monitoring  has  occurred  in  support  of  the  Johnston  Atoll  Chemical 
Agent  Disposal  System  (JACADS).  Insignificant  levels  of  particle-associated 
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TCDD  were  dispersing  from  the  HO  site  during  the  sampling  period,  given  that 
these  samplers  were  downwind  of  at  least  the  southern  portion  of  the  HO  site’s 
total  surface  area,  in  addition  to  being  downwind  of  the  soil  decontaminatirn 
experiments.  However,  because  of  the  limited  number  of  samples  and  the  lack 
of  data  for  the  entire  downwind  area  relative  to  the  HO  site  (i.e.,  the  western 
fenceline),  no  conclusions  can  be  made  regarding  TCDD  exposure  potential  via 
inhalation  of  contaminated,  airborne  particulate  at  the  time  the  samples  where 
taken  in  1986,  or  particularly  prior  to  1986,  when  the  site  was  being  used  for 
storage  purposes. 

"The  groundwater  under  the  HO  site  has  never  been  analyzed  for  HO  or 
dioxin. 

Three  comprehensive  soil  characterization  activities  produced  surface  and 
subsurface  soil  data  on  2,4-D,  2,4,5-T,  and  TCDD  throughout  the  defined  waste 
site  and  at  selected  areas  around  the  waste  site.  These  data  formed  the  basis 
of  the  risk  assessment.  The  most  recent  soil  study  (1984-86)  revealed  TCDD 
levels  in  surface  soil  ranging  from  nondetect  (0.01  ppb)  to  163  ppb,  with  an 
average  concentration  of  0.8  ppb.  2,4-D  in  surface  soil  ranges  from  2.5  ppb  to 
281,330  ppb  with  an  average  of  49,986  ppb.  2,4,5-T  in  surface  soil  ranges  from 
53  ppb  to  237,155  ppb,  with  an  average  of  48,914  ppb. 

Approximately  25%  of  the  site  was  sampled  for  subsurface  TCDD  in  the 
3-7  inch  layer  of  subsurface  soil.  Values  ranged  from  0.02  ppb  to  207  ppb,  with 
an  average  reading  of  15  ppb.  Approximately  2%  of  the  site  was  sampled  for 
subsurface  2,4-D  and  2,4,5-T.  Values  for  2,4-D  ranged  from  2.5  ppb  to  55,070 
ppb,  with  an  average  reading  of  4138  ppb  (all  but  two  values  were  below  44 


ppb).  Values  for  2,4,5-T  raoged  from  7  ppb  to  82,210  ppb,  with  an  average 
reading  of  6210  ppb  (two-thirds  of  the  values  were  below  100  ppb). 

Exposure  scenarios.  Exposure  assessment  for  the  HO  site  included 
determination  of  the  exposure  setting  and  the  exposure  pathways  that  are  of 
particular  relevance  to  the  types  of  human  populations  present  and  their 
respective  activity  patterns  and  thus  involved  characterization  of  the  potentially 
exposed  populations,  descriptions  of  the  identified  plausible  exposure  pathways, 
estimations  of  human  exposure,  and  identification  of  uncertainties  related  to  the 
exposure  assessment  methods  used  in  this  evaluation. 

In  addition  to  the  current  scenario,  two  future  land  use  scenarios  were 
considered:  (1)  remediation  through  excavation  and  incineration  of  contaminated 
soil;  and  (2)  covering  of  the  site  with  cement.^  In  both  of  these  scenarios, 
certain  activities  such  as  construction  vehicles  on  the  site  and  excavating  alter 
the  patterns  of  particulate  suspension  and  soil  volatilization  of  contaminants 
from  those  in  the  current  use  scenario.  These  were  incorporated  into  the 
calculation  of  emission  factors  and  exposure  estimation.  Based  on  the  activities 
associated  with  these  scenarios  and  consideration  of  the  currently  available  soil 
sampling  data,  the  following  potential  future  exposure  pathways  were 
considered  for: 

•  Future-Use  Scenario  1  (Excavation):  Inhalation  of  contaminated  soil 

from  vehicular  traffic,  loading  and  unloading  operations  during  site 
excavation  and  treatment,  and  wind  erosion  of  disturbed  soil. 


^The  latter  scenario  is  not  intended  to  be  a  substitute  for  prescriptive  site  capping, 
which  is  a  more  thorough  and  rigorous  form  of  remediation. 
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•  Future-Use  Scenario  2  (Cement  Covering):  Inhalation  of 
contaminated  soil  from  vehicular  traffic  and  wind  erosion  of 
disturbed  soil. 

Exposure  Quantification.  Risk  to  the  theoretical  maximum  exposed 
individual  (MED  is  based  on  access  to  any  point  around  the  perimeter  of  the  HO 
site  (including  the  seawall)  and  selection  of  the  maximum  point  of  exposure 
around  the  perimeter.  However,  in  actuality  there  are  certain  limitations  to 
where  the  MEI  can  be  situated  because  of  the  restnctions  on  access  to  the  site. 
Therefore,  risk  to  an  alternate,  more  realistic  MEI  (a  person  who  has 
"reasonable  maximum  exposure"),  restricted  to  the  portion  of  the  site  boundary 
that  is  fenceline  and  not  the  inaccessible  portion  >f  the  site  boundary  that  is 
seawall,  was  also  calculated  for  comparison.  As  a  result,  risk  was  calculated  for 
two  receptors,  the  theoretical  MEI  (TMEI)  and  the  alternate  MEI  (AMEI). 

The  Industrial  Source  Complex  (ISC)  model  v  is  used  in  a  screening  mode 
to  conservatively  estimate  ambient  air  concentrations  of  the  vapor-phase 
compounds.  A  total  of  140  ground-level,  non-buoyant,  point  sources  were  used 
to  represent  the  area  of  compound  emissions  in  the  modeling.  The  main  HO  site 
was  extended  westward  to  the  shoreline  to  include  isolated  TCDD  "hotspots" 
and  this  identical  area  was  used  fox  estimating  2,4-D  and  2,4,5-T  emissions. 

Emission  rates  and  exposures  were  estimated  for  the  current  scenario  and 
the  two  future-use  scenarios,  taking  into  account  wind  erosion,  construction, 
excavation,  and  vehicular  traffic.  For  both  vapor-phase  and  particulate-bound 
TCDD,  Lifetime  Average  Daily  Dose  (LADD)  was  calculated  for  the  TMEI  and 
AMEI.  In  similar  fashion,  Average  Daily  Dose  (ADD)  was  calculated  for  2,4-D, 
and  2,4,5-T.  The  results  are  presented  in  Table  ES-1. 
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TABLE  ES-1 


Estimated  lifetime  average  daily  absorbed  dose  (LADD) 
and  average  daily  absorbed  doses  (ADD)  expressed  as  mg/kg/day 
for  TCDD,  2,4-D,  and  2,4, 5-T  resulting  from 
inhalation  exposure  to  the  TMEI  and  the  AMEL 

CURRENT  SCENARIO 


j  Chemical 

TMEI 

AMEI  j 

LADD 

ADD 

LADD 

ADD  1 

1  TCDD 

5.6  X  10'^^ 

2.3  X  10-^® 

5.6  X  10-^^ 

2.3  X  10-^^ 

1  2,4-D 

4.1  X  10® 

1.5  X  10-®  j 

inai 

4.5  X  10  ® 

2.9  X  10*®  j 

FUTURE  SCENARIO:  EXCAVATION 


TMEI 

AMEI 

LADD 

ADD 

LADD 

ADD  1 

1.5  X  10*^2 

1.6  X  10*^® 

1.5  X  10-^^ 

1.6  X  10*^® 

— 

2.7  X  10  ® 

— 

1.2  X  10*® 

3.0  X  10*® 

"  •"  .-Ji  >  1.  UMI..  1.'  ■  ...Ml'— 

1.9  X  10*® 

FUTURE  SCEN/\RIO:  CEMENT  COVER  CONSTRUCTION 


TMEI 

AMEI  1 

LADD 

ADD 

LADD 

ADD  1 

3.5  X  10*^® 

7.5  X  10'^^ 

3.5  X  10*'® 

7.5  X  10'“  1 

.... 

1.3  X  10  ® 

.... 

5.0  X  10  ® 

1.5  X  10  ® 

‘s-jAiviK.'Wt.’aMii.rjw;  'niff  *  w"  — 

9.4  X  lO'”^ 
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Exposure  to  contaminated  fish.  There  is  TCDD  fish  contamination  in 
certain  areas.  The  contamination  appears  tc  be  restricted  to  the  area  adjacent 
to  the  former  HO  storage  site,  which  is  off-limits  to  fishing.  If  contaminated 
fish  migrate  into  the  fishing  areas  near  the  former  HO  storage  site,  there  is  a 
potential  for  JI  inhabitants  to  consume  contaminated  fish.  For  the  fish  that 
showed  positive  TCDD  values,  the  migratory  fish  species  had  the  lowest  values. 
These  values  may  be  low  because  these  fish  may  not  spend  all  of  their  time  in 
the  contaminated  area.  It  is  not  possible  to  quantify  this  potential  exposure 
because  the  fishermen’s  catches  have  not  been  sampled.  The  potential  for 
exposure  may  be  low,  but  sampling  of  the  fishermen’s  catches  should  be 
performed  to  confirm  this.  Sampling  at  the  west  wharf  has  revealed  no 
contaminated  fish.  This  may  indicate  a  low  probability  of  catching  a 
contaminated  fish. 

Risk  assessment.  Critical  toxicological  dose-respcnse  data  for  TCDD,  2,4- 
D,  and  2,4,5-T  are  presented  in  Tables  ES-2  and  ES-3.  Application  of  the  slope 
factors  (for  carcinogenic  effects)  and  R^D’s  (for  noncarcinogenic  effects)  in  these 
tahles,  representing  the  toxicity  component,  to  the  LADD’s  and  ADD’s, 
respresenting  the  exposure  component,  produces  estimates  of  risk.  Although  all 
media  were  considered  in  the  analysis,  lack  of  or  inadequate  monitoring  data  on 
water  and  marine  biota  reduced  multimedia  considerations  to  air  only.  For  this 
medium,  both  vapor  phase  and  chemical-bound  particulate  were  factored  into 
the  calculations. 

For  the  current  scenario,  the  cancer  risk  from  exposure  to  TCDD  is  3  x  10* 
®  for  the  TMEI  and  3  x  10'®  for  the  AMEI.  The  hazard  quotient  (for 
noncarcinogenic  risk)  from  exposure  to  TCDD  is  0.76  for  the  TMEI  and  0.76  for 
the  AMEI.  The  hazard  quotient  from  exposure  to  2,4-D  is  0.(X)14  for  the  TMEI 
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TABLE  ES-2 

Critical  Carcinogenic  Toxicity  Values  foi  Indicator  Chemicals 


Chemical  Name 

Slope  Facbjr 
(SF) 

(mg/k^-day)‘ 

Weight  of 
Evidence 
Classifi¬ 
cation 

Type  of 
Cancer 

SF  Basis/ 

SF  Source 

Oral  Route 

2, 3,7,8- 

Tetrachloro- 

dibenzo-p-Dioxin* 

1.56  X  10® 

Bl“ 

Lung, 

liver. 

hard 

palate, 

nasal 

turbinates 

Food/ATSDR 

2,4- 

Dichlorophenoxy 
acetic  acid^* 

(n-butyl  ester) 

No  data 

No  data 

No  data 

No  data 

2,4,5- 

Trichlorophenoxy 
acetic  acid** 

(n-butyl  ester) 

No  data 

No  data 

No  data 

No  data 

2,4,5- 

Trichlorophenoxy 
acetic  acid*' 
(Iso-octyl  ester) 

No  data 

No  data 

No  data 

No  data 

Inhalation  Rate 

No  data 

No  data 

No  data 

No  data 

“  When  associated  with  plienoxy  herbicides  and/or  chlorophenols,  B2 
when  considered  alone. 


TABLE  ES-3 

Critical  Noncarcinogenic  Toxicity  Values  for  Indicator  Chemicals 


Chemical  Name 

Chronic 

RjD 

{■mgfkg- 

day) 

Confi¬ 

dence 

Lever 

Critical 

Effect 

RfD 

Basis/ 

up 

Source 

Uncertain-  i 
ty  and 
Modifying 
Factors^  j 

Oral  Route 

r 

1 

2, 3,7,8- 

Tetrachloro- 

dibenzo-p-Dioxin 

1  X  10^ 

No  data 

Primary: 

Fetal 

survival 

Secondary: 

Renal 

Nu 

data/ 

ATSD 

R 

■UF=100 

for 

A,L 

MF=10 

2,4- 

Dichlorophenoxy 
acetic  acid 
(n-butyl  ester) 

1  X  10-2* 

Media 

m 

Primary: 

Renal 

Secondary: 
Hematologi 
c,  hepatic 

Food/ 

IRIS 

1 

UTslOO  1 
for 

H,A  I 
J.5F-1 

2,4,5- 

Trichlorophenoxy 
acetic  acid 
(n-butyl  ester) 

1  X 

Mediu 

m 

Primary: 

Neonatal 

survival 

Secondary: 

Increased 

urinary 

copropor- 

phyrin 

Food/ 

mis 

’;iBrjggLaKgi.:y  ■  gjg 

IF=300  for 
H,  A,D 
MF=1 

Inhalation  Route 

No  data 

No  data 

No  data 

No 

data 

No  data  | 

•  Confidence  level  from  IRIS,  either  high,  medium,  or  low. 

^  Uncertainty  adjustments:  H=variation  in  human  sensitivity;  A=animal  to 
human  extrapolation;  and  D=:deficicncies  in  toxicity  data. 

®  Rj-D  value  for  acid,  n-butyl  ester  value  not  available. 

RfD  value  ibr  acid,  n-butyl  ester  and  iso-octyl  ester  values  not  available. 
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and  0.00051  for  the  AMEI.  The  ha2ard  quotient  from  exposure  to  2,4,5-T  is 
0.0015  for  the  TTvIEI  and  0.00095  for  the  AMEI. 

For  the  future-use  scenario  involving  excavation  (Scenario  1),  the  cancer 
risk  from  exposure  to  TCDD  is  8  x  10"’  for  the  TMEI  and  8  x  10*’  for  the  AMEI. 
The  hazard  quotient  from  exposure  to  TCDD  is  0.52  for  the  TMEI  and  0.52  for 
the  AMEI.  The  hazard  quotient  from  exposure  to  2,4-D  is  0.0C090  for  the  TMEI 
and  0.00034  for  the  AMEI.  The  hazard  quotient  from  exposure  to  2,4,5-T  is 
0.0010  for  the  TMEI  and  0.00063  for  the  AMEI. 

For  the  future-use  scenario  involving  paving  (Scenario  2),  the  cancer  risk 
from  exposure  to  TCDD  is  2  x  lO'^  for  the  TMEI  and  2  x  10'^  for  the  AMEI.  The 
hazard  quotient  from  exposure  to  TCDD  is  0.25  for  the  TMEI  and  0.25  for  the 
AMEI.  The  hazard  quotient  from  exposure  to  2,4-D  is  0.00045  for  the  TMEI  and 
0.00017  for  the  AMEI.  The  hazard  quotient  from  exposure  to  2,4,5-T  is  0.00049 
for  the  TMEI  and  0.00031  for  the  AMEI. 

Ecological  effects.  Releases  of  HO  have  exposed  fish  and  invertebrates 
and  possibly  birds  to  dioxin.  Only  a  rough  estimate  of  risk  is  possible  given  the 
limitations  of  the  data.  When  possible,  risks  were  assessed  by  comparing  body 
burdens  with  levels  associated  with  toxic  effects. 

The  highest  concentration  of  dioxin  was  reported  in  the  crown  squirrelfish. 
Squirrelfishes  tend  to  remain  close  to  the  bottom  and  do  not  travel  long 
distances.  These  behaviors  may  increase  their  exposure  to  localized  sources  of 
dioxin  in  sediments.  Out  of  four  samples,  TCDD  v/as  detected  in  one  sample  at 
352  ppt  and  in  one  sample  at  472  ppt.  These  concentrations  exceed  the  260  ppt 
measured  in  rainbow  trout  muscle  that  was  associated  with  decreased  growth 
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and  fin  lesions.  The  only  other  fish  species  with  concentrations  exceeding  100 
ppt  was  the  yellowfin  goatfish.  Three  samples  had  concentrations  of  11, 85,  and 
102  ppt.  Goatfishes  are  bottom  feeders,  which  may  accoimt  for  their  enhanced 
body  burdens. 

Several  invertebrate  samples  were  detected  at  levels  betw'een  14  and  28 
ppt.  The  only  invertebrate  sample  detected  at  greater  than  100  ppt  was  a 
"snails”  sample  measured  at  120  ppt.  No  data  linking  tissue  concentrations 
with  effects  in  snails  could  be  located. 

In  three  samples  of  birds,  there  were  no  detectable  concentrations  of 
dioxin. 

Data  requirements.  There  has  not  been  a  systematic  effort  in  collecting 
the  needed  monitoring  data  at  the  HO  site.  To  date,  the  most  definith  e  data- 
collection  activity  has  been  soil  characterization.  In  order  for  a  multimedia 
baseline  risk  assessment  to  be  considered  complete  enough  to  determine 
whether  there  is  sufficient  risk  to  warrant  remediation  (including  a 
decision  on  the  best  cleanup  and  closure  method  from  among  the  range 
of  alternatives),  the  US  Air  Force  needs  to  carefully  craft  a  sampling 
plan  and  engage  in  a  coordinated  sampling  and  analysis  activity^  to 
provide  the  necessary  baseline  data.  This  is  necessary  so  that: 

•  The  output  from  the  sampling  and  analysis  serves  as  effective  input  to  the 

baseline  risk  assessment; 


^  With  input  from  a  sampling  statistician,  marine  biologist,  ajid  Fish  and 
Wildlife  personnel  associated  with  the  Island,  and  in  coordination  with  any 
other  work  being  done  to  support  JACADS. 
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•  No  further  analyses  'sviii  have  to  be  done;  and 

•  The  sampling  data  used  to  predict  exposure  and  risk  are  convindng 
enough  to  EPA  in  its  decision-making  process  about  clean  closure  of  the 
site. 

The  nature  of  the  needed  data  is  described  below  by  medium. 

Air  -  The  risk  assessment  used  estimated  values  for  the  particulate 
and  vapor  phase  emissions  from  the  site.  Air  sampling  would  characterize  the 
particulates  and  vapors  coming  from  the  site.  Particle  size  distribution  will 
enable  determination  of  the  percentage  of  respirable  dust.  To  determine  the 
wind  erosion  around  the  site  several  Hi-Vol  samplers,  equipped  with  particulate 
traps,  could  be  placed  downwind  around  the  fence  line.  At  the  southwestern 
fenceline  the  odor  of  2,4-D  was  detectable  during  the  site  visit,  indicating  that 
there  may  be  significant  vapor  emissions  from  the  site.  Organic  vapor  phase 
samplers  capable  of  collecting  dioxins,  2,4-D,  and  2,4,5-T  can  be  placed  around 
the  site  to  characterize  ambient  air  concentrations.  There  are  other  potential 
sources  of  dioxin  on  JI,  including  JACADS,  the  bum  pit,  and  the  fire  training 
area.  Sampling  would  permit  source  apportionment  of  dioxin  from  each  of  these 
sites. 


Soil  -  The  characteristics  of  the  soil  can  have  an  influence  on  the 
bioavailability  of  dioxins  and  the  other  chemicals.  Soil  moisture  content,  organic 
content,  and  particle  size  distribution  are  missing  elements  that  are  important 
for  lowering  the  uncertainty  in  the  soil  exposure  calculations.  It  was  originally 
planned  to  vertically  sample  the  TCDD  hot  spots,  but  sample  results  were  not 
available  in  time  to  accomplish  this,  and,  therefore,  some  hot  spots  were  missed 
in  the  vertical  soil  sampling.  These  hot  spots  could  nov^  be  sampled  vertically 
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for  all  three  compounds,  TCDD,  2,4-D,  and  2,4,5-T.  Only  15  plots  were  sampled 
for  2,4-D  and  2,4,5-T,  presenting  a  spadal  distribution  for  these  compounds 
inadequate  for  risk  assessment.  More  plots  could  be  sampled  for  these  two 
compounds.  One  method  that  can  be  used  to  accomplish  this  is  to  revisit  the  48 
plots  that  were  originally  vertically  sampled.  These  48  plots  could  be  sampled 
for  all  three  chemicals  of  concern.  This  sample  design  would  have  two  benefits: 
(1)  better  knowledge  of  the  spadal  distribution  for  2,4-D  and  2,4,5-T;  and  (2) 
knowledge  of  the  fate  of  these  chemicals  over  time. 

Sediment  -  Positive  sediment  samples  were  found  near  the  western  shore, 
prior  to  construction  of  the  seawall  in  that  area.  This  area  could  be  revisited 
to  determine  if  the  seawall  is  performing  according  to  its  intended  function. 
More  sediment  samples  are  needed  to  better  characterize  the  spadal  pattern  of 
contamination.  A  grid  pattern  similar  to  the  soil  sampling  protocol  would  help 
to  characterize  the  spadal  contamination  pattern.  These  samples  should 
indude  areas  close  to  the  shoreline. 

Water  -  No  seawater  sampbng  has  been  conducted  off  the  former  HO  site. 
TCDD  levels  of  38  pg/1  are  toxic  to  fish.  Toxic  endpoints  include  severe  adverse 
effects  on  survival,  growth,  and  behavioral  responses.  With  this  potency, 
seawater  sampling  may  be  important.  The  groundwater  under  the  former  HO 
site  has  never  been  sampled  and  may  be  a  vital  link  in  any  discovery  of  HO  site- 
related  fish  contamination. 

Biota  -  More  sampling  can  to  be  performed  at  offshore  sites  adjacent  to 
the  HO  site  to  determine  if  contaminated  fish  are  in  this  area.  No  biological 
samples  have  been  analyzed  for  2,4-D  or  2,4,5-T.  It  is  not  possible  to  assess  the 
potential  impact  from  fish  ingestion  for  these  two  chemicals  if  this  analysis  is 


not  performed.  Several  adult  fish  species  inhabiting  the  waters  surrounding  the 
Island  are  known  to  have  large  migratory  movements.  A  study  could  be 
performed  to  ascertain  if  these  migratory  fish  species  ars  moving  from  the 
waters  adjacent  to  the  former  HO  site  into  fishing  waters.  Sampling  and 
analysis  of  fishermen’s  catches  can  be  easily  used  to  determine  if  humans  are 
consuming  contaminated  fish.  This  is  the  only  study  that  would  demonstrate 
if  the  fish  being  consumed  are  contaminated. 

Ecological  risk  -  Further  field  investigations  may  be  needed  to 
adequately  characterize  the  ecological  risks  at  JI.  Any  additional  research 
should  be  coordinated  with  the  work  underway  by  Dr,  John  Labelle  of  the 
Woods  Hole  Oceanographic  Institute  in  support  of  the  tJACADS  monitoring 
program.  Additional  sampling  programs  could  be  designed  so  that  statistical 
comparisons  can  be  made  between  concentrations  in  the  different  areas.  In  such 
an  investigation  sediment  sampling  would  be  expanded  to  allow  better 
characterization  of  the  spatial  pattern  of  contamination.  Biota  samples  would 
be  focussed  on  species  whose  behavior  may  lead  to  greater  levels  of 
contamination  (e.g.,  bottom  feeding  resident  species).  Organisms  that  are 
important  parts  of  marine  food  chains  (e.g.,  small  invertebrates  such  as  marine 
worms)  woiild  be  sampled.  Based  on  the  available  data,  the  crown  squirrelfish, 
yellowfin  goatfish,  snails,  and  crabs  are  good  candidates  for  further  sampling. 
Increased  sampling  of  birds  may  be  required  to  determine  whether  populations 
are  at  risk  due  to  consumption  of  contaminated  prey  (e.g.,  fish  and  snails). 
Sampling  could  focus  on  one  or  two  bird  species  that  tend  to  be  localized  on  the 
Island. 

Although  the  contaminant  studies  should  remain  focussed  on  dioxin,  it 
would  be  useful  to  examine  several  fish  samples  for  2,4-D.  This  compound  has 
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been  measured  at  levels  as  high  as  281  ppm  in  soil  samples  on  the  Island. 
Although  it  is  not  bioaccumulated  to  the  same  extent  as  dioxin,  measurable 
residues  have  been  reported  in  fish  firom  lakes  treated  with  the  compound  and 
toxicity  data  are  available. 
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Preliminary  Public  Healtb, 
Environmental  Risk,  and 
Data  Requirements  Assessment  for 
the  Herbicide  Orange  Storage  Site 
at  Johnston  Island 


1.0  Introduction 


This  report  contains  the  results  of  a  screening-level  risk  assessment 
conducted  for  the  Air  Force  Occupational  and  Environmental  Health  Laboratory 
concerning  the  Herbicide  Orange  (HO)  storage  site  at  Johnston  Island  (JI).  This 
risk  assessment  is  part  of  the  remedial  investigation  and  feasibility  study 
(RI/FS)  process  established  by  the  U.S.  EPA  for  characterizing  the  nature  and 
extent  of  risks  posed  by  hazardous  waste  sites  and  for  developing  and 
evaluating  remedial  options.  This  process  is  being  conducted  in  the  context  of 
the  U.S.  Department  of  Defense  (DoD)  Installation  Restoration  Program  (IRP). 
The  following  section  provides  a  conceptual  overview  of  the  risk  assessment  for 
the  HO  storage  site,  site  specific  objectives  of  this  investigation,  a  description 
of  background  information  concerning  the  site,  and  defines  the  risk  assessment’s 
scope  and  study  design. 
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1.1  Overview 


During  the  Vietnam  war,  HO  was  widely  used  as  a  broad-scale  defoliant. 
Large  quantities  of  technical  grade  material  were  shipped  to  Vietnam,  After  the 
war,  in  April  1972,  1.37  million  gallons  of  unused  HO  were  transferred  to  JI 
from  the  stockpile  in  Vietnam  for  temporary  storage.  This  was  the  result  of  the 
suspension  of  certain  uses  of  2,4,5-trichlorophenoxy  acetic  add,  a  component  of 
HO,  by  the  Secretary  of  Health,  Education  and  Welfare,  and  the  Secretary  of  the 
Interior  on  April  15,  1970,  following  reports  that  HO  may  be  teratogenic.  The 
24,910  fifty-five  gallon  drums  of  HO  were  stored  on  a  4-acre  site  at  the 
northwest  comer  of  JI  (Figure  1.3).  Finther  toxidty  studies  were  conducted, 
and  in  September  1971  the  Secretary  of  Defense  directed  the  Joint  Chiefs  of 
Staff  to  dispose  of  all  stocks  of  Herbidde  Orange  (HO).  The  HO  stored  on  JI 
was  successfully  dedrummed  and  indnerated  at  sea  in  1977.  While  stored  on 
the  Island,  the  sea  air  corroded  some  of  the  steel  drums,  resulting  in  HO 
leakage  onto  the  ground  and  necessitating  an  active  maintenance  and 
redrumming  operation  at  the  storage  site.  Patrols  of  the  storage  area  revealed 
approximately  20  to  70  leaking  drums  per  week.  It  has  been  estimated  that 
approximately  49,000  pounds  of  HO  escaped  into  the  environment  annually 
during  the  period  from  1972  to  1977  (Thomas  et  al.,  1978).  The  HO  stock  was 
determined  to  contain  two  active  ingredients  (the  n-butyl  ester  of  2,4- 
dichlorophenoxy  acetic  add  (2,4-D)  and  the  n-butyl  ester  of  2,4,5- 
trichlorophenoxy  acetic  add  (2,4,5-T)),  as  well  as  2,3,7,8-tetrachlorodibenzo-p- 
dioxin  (TCDD)  as  a  byproduct  contaminant  of  2,4,5-T  (Holmes  and  Narver, 
1989).  Consequently,  through  leakage  and  spillage  during  maintenance, 
redrumming,  dedrumming,  and  drum  crushing  operations,  the  site  was 
contaminated  over  a  period  of  six  years  with  2,4-D,  2,4,5-T,  and  TCDD.  The  site 
has  remained  essentially  untouched  since  that  time.  Significant  activities  that 
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have  occurred  include  a  trial  bum  of  contaminated  soil  (Helsel  et  al.,  1987), 
construction  of  a  seawall  for  those  portions  of  the  site  ac^'acent  to  the  ocean  (as 
referenced  in  Channell  and  Stoddart,  1984),  and  extensive  soil  sampling  in  1984. 

There  is  some  concern  that  contaminants  at  the  site  may  be  moving  offsite 
into  all  environmental  media:  the  adjacent  air  compartment,  seawater,  sea 
sediments,  and  groundwater  aquifer  that  may  underlie  the  site.  It  follows  that 
if  the  contaminants  are  in  any  or  all  of  these  media,  humans  associated  with 
them  and  biota  contained  in  them  may  have  a  potential  for  exposure  to  HO  site- 
derived  contaminants  and  an  attendant  health  risk.  Therefore,  the  site-specific 
objectives  of  this  investigation  are  to  determine,  based  on  available  evidence: 

•  The  potential  contaminants  at  the  site; 

•  The  levels  of  contaminants  at  the  site; 

•  The  potential  levels  of  the  contaminants  in  each  offsite 
environmental  compartment; 

•  The  potential  levels  of  exposure  to  humans  and  wildlife,  and  to 
humans  fi'om  biomagnification  in  the  food  chain;  and  finally 

•  The  risk  of  health  injury  from  potential  multimedia  exposure. 

A  companion  objective  is  to  determine,  within  the  scope  of  existing 
environmental  regulations,  whether  the  quantified  risks  fall  within  acceptable 
risk  limits.  As  such,  this  is  not  an  Applicable  or  Relevant  and  Appropriate 
Requirement  (ARAR)  analysis,  which  is  based  on  remediation  alternatives, 
associated  cleanup  levels,  and  their  compliance  with  relevant  and  applicable 
regulations.  An  ARARs  analysis  follows  later  in  the  RI/FS  process. 
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1.2  Site  Background 

Johnston  Atoll  (JA)  is  a  group  of  isolated  coral  islands  located  in  the 
central  Pacific  Ocean  lying  approximately  717  nautical  miles  southwest  of 
Honolulu  Hawaii  (Figure  1.1).  Four  small  islands,  Johnston  Island,  Sand 
Island,  North  (Akau),  and  East  (Hikina)  Island,  comprise  the  egg-shaped  atoll 
(Figure  1.2),  JI  the  largest  of  the  islands,  625  acres,  has  been  enlarged  over  the 
years  with  dredged  calcareous  sand  and  coral  rubble.  The  Island  is 
approximately  two  miles  long  and  one-half  mile  wide.  JI  is  very  flat  with  its 
highest  elevation  at  seven  feet.  The  Island  has  a  9000  foot  runway  down  its 
middle.  Details  of  the  construction  of  JI  can  be  found  in  Holmes  and  Narver 
(1989). 

JI  is  an  unincorporated  territory  of  the  United  States.  It  was  originally 
created  as  a  bird  refuge  by  Executive  Order  4467  on  June  29, 1926,  and  on  July 
25, 1940  was  designated  a  National  Wildlife  Refuge.  Historically,  the  Island  has 
been  under  the  control  of  various  federal  agencies.  The  Island  is  currently 
under  the  control  of  the  Defense  Nuclear  Agency  (DNA).  A  detailed  outline  of 
the  agencies  that  have  controlled  the  Atoll  can  be  found  in  Table  1.1. 

Figure  1.2  illustrates  the  location  of  JI  to  the  other  islands  on  the  Atoll. 
Sand  Island  is  the  major  brooding  grounds  for  the  birds.  A  detailed  history  and 
description  of  the  atoll  can  be  found  in  the  following  references:  U.S.  Air  Force 
(1974),  Thomas  et  al.  (1978),  Crockett  et  al.  (1986),  and  Holmes  and  Narver 
(1989). 

The  Island  is  currently  used  for  two  major  purposes.  First,  in  the  late  50’s 
and  early  60’s  it  was  used  to  launch  missiles  for  atmospheric  testing  of  nuclear 
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TABLE  1.1  Ownership  and  Control  of  Johnston  Atoll  (continued) 


/ 


,0. 

Is 

«• 

c 

o 


a 


a 

-3 


tJ 

V 

t3 

e 

a 


e 

«> 

2 


O 

e 

a 

> 

a 

•  tJ 

c 

a 


u 

49 


8 


Source;  Johnston  Atoll  Chemical  Agent  Disposal  System  (JACADS)  Final  Environmental  Impact  Statement,  November,  1983. 


weapons.  In  1963  the  Limited  Test  Ban  Treaty  banned  atmospheric  nuclear 
testing.  The  facilities  at  JI  are  still  maintained  for  this  purpose  in  case  this 
type  of  testing  is  deemed  necessary  for  national  defense.  These  facilities  are 
currently  held  in  a  caretaker  status.  During  1962,  three  missile  aborts  caused 
transuranic  contamination  on  parts  of  the  Island,  the  section  labelled  LE-1  on 
Figure  1.3.  The  second  purpose  of  operations  at  the  Island  has  been  to  destroy 
chemical  weapons  at  the  Johnston  Atoll  Chemical  Agent  Disposal  System 
(JACADS)  facilities,  whicl  is  a  state-of-the-art  incineration  operation.  The 
JACADS  facilities  are  located  in  the  "Red  Hat"  area  of  the  Island. 

Figure  1.3  illustrates  the  location  of  the  HO  site  relative  to  the  other 
facilities  on  the  Island.  A  detailed  map  of  the  HO  site  is  provided  in  Figure  1.4. 
The  dedrumming  area  was  used  to  redrum  HO  that  was  leaking  from  the 
coiTod€)d  drums  during  their  storage,  and  later  during  the  HO  removal  process 
to  transfer  the  HO  from  the  drums  to  the  trucks  for  transport  to  the  wharf  area 
and  loading  onto  the  incineration  ship.  A  drum  crusher  was  used  in  1977 
during  the  removal  operation.  The  dedrumming  and  drum  crushing  areas  are 
of  particular  interest  in  this  investigation  because  they  are  potential  sources  of 
contamination.  The  purpose  of  a  concrete  pad  in  the  northwest  comer  of  the 
HO  site  has  not  been  determined.  A  transformer,  Hi-Vol  air  sampling  station, 
beacon  building,  and  a  berm  are  adjacent  to  the  site  immediately  downwind. 
The  Hi-Vol  sampler  is  associated  with  the  JACADS  operation.  A  fire  training 
area  and  hum  pit  are  located  further  downwind. 

Thirteen  separate  media  sampling  and  analysis  studies  have  been 
conducted  on  JI.  These  are  summarized  in  Table  1.2.  The  first  study  was 
conducted  during  the  disposal  of  HO  in  1977.  The  sites  of  sampling  in  various 
environmental  media  are  presented  in  Figures  1.5  through  1.9.  This  study  was 
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TABLE  Sampling  Studies  of  Johnston  Island 
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TABLE  Sampling  Studies  of  Johnston  Island  (continued) 
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TABLE  IJi  Sampling  Studies  of  Johnston  Island  (continued^ 
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Adapted  from  Holmes  Si  Narver,  1989. 
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used  to  assess  the  possible  environmental  impacts  resulting  firom  the  disposal 
of  HO.  The  ground  water  under  the  HO  site  has  never  been  analyzed  for  HO 
or  dioxin.  The  second  through  thirteenth  studies  continued  to  measxire  the 
impacts  to  the  environment  from  the  HO  storage  site  after  disposal  was 
completed  Studies  3,  4,  and  7  through  13  are  part  of  a  continuing  effort  to 
monitor  biological  effects  from  the  former  HO  storage  site.  These  studies 
include  invertebrates,  fish,  and  sediments  around  the  former  HO  site  and  the 
west  wharf,  where  sport  fishing  is  conducted  by  Island  inhabitants.  The  fifth 
study  was  conducted  to  obtain  a  comprehensive  soil  profile  of  the  former  HO 
storage  site  and  the  immediate  surrounding  area.  The  sixth  study  was  initiated 
in  support  of  the  JACADS  operation.  It  included  TCDD  soil  measurements. 

1.3  Scope  of  the  Risk  Assessment 

This  analysis  follows  the  conventional  structure  of  a  risk  assessment  as 
laid  out  in  documents  of  the  EPA  (1988c,  1989c).  Its  basic  features  include  a 
health  hazard  assessment,  exposure  assessment,  dose-response  determination, 
and  a  risk  characterization.  The  results  of  the  risk  characterization  are  then 
used  to  determine  if  existing  concentrations  on  the  site  present  a  level  of  risk 
to  human  health  and  the  environment  that  is  acceptable  or  unacceptable  and, 
if  deemed  to  be  unacceptable,  the  degree  to  which  remediation  is  necessary  to 
lower  risks  to  an  acceptable  level. 

This  is  a  multimedia  assessment  that  includes  air,  soil,  water,  and  the 
food  chain.  The  HO  site  has  some  unique  features  that  make  some  of  the 
multimedia  components  of  the  risk  assessment  straightforward  and  others 
complex.  Among  the  straightforward  components,  the  meteorological  features 
of  the  Island  and  the  surrounding  area  are  the  strongest,  being  well 
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characterized,  predictable,  and  relatively  nonvariable.  There  is  a  finite  human 
population  that  has  a  potential  for  exposure  from  all  media  and  whose  exposure 
is  controllable  should  it  be  necessary.  Access  to  the  site  can  be  limited  or 
expanded  to  any  degree  desired,  and  there  are  a  limited  number  of  optional 
future  uses  for  the  site  which  limit  the  need  for  more  elaborate  analyses.  On 
the  complex  side,  possible  offsite  contamination  means  that  the  HO  site  is 
uncontained  and  extended  into  the  surrounding  environment.  The  site  may  be 
contiguous  with  the  sea  and  marir.e  environment  via  ground  water  and  provides 
some  element  of  runoff  into  the  open  water.  The  dynamics  of  the  ocean  as  an 
environmental  compartment  are  too  difficult  to  characterize  for  predicting 
potential  zones  of  contamination;  nevertheless  dynamic  transfer  from  one 
environmental  compartment  to  another  (e.g.,  emission  factors  from  soil  into  air, 
partitioning  of  TCDD  into  sediments  and  seawater)  must  be  quantified.  The  soil 
composition  (variable  coral)  is  unusual  and  its  characteristics  poorly  defined. 
Fate  and  transport  phenomena  must  be  accounted  for  to  predict  contaminant 
form  and  concentration  in  secondary  media.  As  a  mixture,  chemical-chemical 
interactions,  particularly  associated  with  possible  additive,  potentiative,  or 
synergistic  effects  of  the  mixture’s  toxicity  must  be  considered.  TCDD  is  a 
potent  carcinogen  and  even  though  there  is  considerable  evidence  of  carcinogenic 
and  noncarcinogenic  toxicity  on  2,4-D  and  2,4, 5-T,  there  are  no  published 
benchmark  toxicity  values  (UCR,  RfD)  that  quantitatively  represent  their  dose- 
response  characteristics.  There  is  a  potential  confounding  effect  posed  by  other 
sources  and  their  contaminants  on  the  Island  (i.e.,  JACADS  and  the  launch 
area).  Lastly,  as  will  be  described  in  detail  later,  data  on  the  site  and 
surrounding  area  are  quite  limited. 

This  analysis  should  be  considered  as  a  preliminary  baseline  risk 
assessment.  In  a  full  baseline  risk  assessment  that  forms  an  integral  part  of 
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the  RI/FS  process,  prescribed  procedures  are  followed  as  specified  in  key 
documents  of  the  EPA,  such  as  the  H:iman  Health  Evaluation  Manual  (EPA, 
1989c)  and  the  Superfund  Exposure  Assessment  Manual  (EPA,  1988c).  To  the 
extent  possible,  these  prescribed  procedures  were  utilized.  However,  the  HO 
site  on  JI  is  a  unique  environment  with  exceptionally  uneven  scientific  data 
(particularly  on  the  monitoring  of  environmental  media)  because  data  collection 
practices,  in  accordance  with  tlie  needs  prescribed  for  a  baseline  risk 
assessment,  have  not  been  orderly  and  systematic  over  the  years  since  HO  was 
stored  there  and  contamination  began.  As  a  result,  the  risk  assessment 
contained  in  this  document  includes  reasonable  conservative  assumptions  to 
bridge  information  gaps  where  such  information  is  usually  present  to  support 
the  baseline  assessment.  Accordingly,  this  risk  assessment  should  be  viewed 
only  as  a  screening-level  evaluation,  to: 

•  Provide  a  plausible  preliminary  estimate  of  risk; 

•  Identify  the  areas  where  information  is  needed  to  provide  more 
quantitative  estimates  of  risk  with  less  associated  uncertainty  for 
decision-making  by  risk  managers;  and 

•  Provide  a  basis  for  determining  what  future  data  development 
ought  to  be  undertaken  to: 

•  Decide  if  remediation  is  necessary  and,  if  so,  to  what  level  of 
cleanup; 

•  Enable  adequate  analj'ses  of  remedial  options  (including  an 
assessment  of  residual  risk  associated  with  implementation 
of  each  viable  remedial  option  and  future  use  scenari.  );  and 

•  Aide  in  the  sensible  selection  of  the  most  appropriate  option. 
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A  more  complete  baseline  risk  assessment,  suitable  for  responsible 
dedsion-making  on  remedial  alternatives  and  closure,  can  be  constructed  only 
after  additional  field  data  at  the  HO  site  are  collected.  The  default  assumptions 
used  in  this  screening-level  risk  assessment  and  the  data  needed  to  develop  a 
more  definitive  risk  assessment  for  the  site  are  clearly  laid  out  in  discrete 
sections  of  this  report, 

1.4  Organization  of  the  Report 

This  report  generally  follows  the  organizational  structure  recommended 
by  the  EPA  (1989c)  and  is  progressive  in  laying  out  the  sequential  components 
along  the  path  to  determination  of  human  health  risk.  The  site  features 
relevant  to  this  analysis,  scope,  and  rationale  are  presented  in  Section  1.0.  Data 
collection  and  evaluation  practices,  and  identification  of  chemicals  of  concern  are 
addressed  in  Section  2.0.  A  complete  exposure  assessment,  including  pathway 
analysis  and  exposure  quantification  for  different  scenarios  is  presented  in 
Section  3.0.  A  toxicity  assessment  is  presented  in  Section  4.0.  Characterization 
of  risks  for  current  and  future  land-use  conditions  are  presented  in  Section  5,0. 
An  ecological  assessment  is  presented  in  Section  6.0.  Data  needs  for  the  various 
preceding  components  of  the  analysis  are  presented  in  Section  7.0.  A  summary 
of  the  report  is  presented  in  Section  8.0. 


2.0  Identification  of  Chemicals  of  Potential  Concern 


Identification  of  chemicals  of  jjotential  concern  is  based  on  consideration  of  the 
types  of  chemicals  known  or  expected  to  be  present  at  the  site,  the  toxicity  and 
physicochemical  properties  of  these  chemicals,  and  potential  human  exposure 
pathways.  Evaluation  of  the  potential  human  exposxire  pathways  which  are  relevant 
to  a  given  site  includes  consideration  of  the  types  of  environmental  media  of  concern, 
geographical/physical  areas  of  concern,  potential  routes  of  contaminant  transport 
through  the  environment  (e.g.,  inter-media  transfer,  food  chain),  and  the  human 
popxilations  present  and  their  activity  patterns.  This  section  provides  information 
regarding  site-specific  data  collection  and  evaluation  considerations  and  identifies 
chemcals  of  concern  based  on  human  exposure  pathways  of  potential  relevance  to  the 
HO  storage  site. 

2.1  Site-Specific  Data  Collection 

Monitoring  data  that  have  been  collected  since  1977  are  presented  in  Table  1.2. 
Study  number  1  was  conducted  d'oring  ocean  incineration  of  HO.  Study  number  2 
was  the  first  investigation  conducted  after  the  disposal  operation.  Data  from  Study 
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numbers  3  through  13  (except  number  6)  were  utilized  for  this  risk  assessment 
because  they  comprise  the  most  recent  data  available.  The  water  samples  taken  in 
Study  number  1  were  from  drinking  water  supplies  on  the  east  side  of  JI.  These 
samples  showed  no  detectable  levels  of  TCDD.  No  water  samples  have  been  taken 
since  that  study.  Particulates  and  vapor  phase  organics  were  not  sampled.  Air 
sampling  for  Study  number  6  was  taken  for  two  criteria  pollutants:  SOx  and  NOx. 
For  this  risk  assessment,  limited  data  are  available  for  residues  in  soil,  fish,  birds, 
and  sediment. 

Crockett  et  al.  (1986)  performed  an  extensive  soil  study  of  the  HO  site  from 
1984  to  1986,  Approximately  900  soil  samples  were  analyzed  for  TCDD,  2,4-D,  and 
2,4,5-T.  The  sample  grid  (Figure  2.1)  contained  445  plots,  each  400  fl^.  Each  plot 
was  sampled  five  times  to  produce  one  composite  sample  for  analysis.  Replicate 
samples  were  taken  from  18  plots.  Vertical  chemic;al  profiles  were  taken  for  TCDD 
to  a  depth  of  1  ft  in  33  plots,  and  for  TCDD,  2,4-D,  and  2,4, 5'T  to  a  depth  of  5.5  ft  in 
15  plots.  For  1-foot  profiles,  samples  were  taken  at  depths  of  0,  0.1,  0.4,  and  0.8  ft. 
for  5.5-ft  profiles,  samples  were  taken  at  depths  of  0,  0.1,  0.4,  0.8,  2.0,  3.0,  4.0,  and 
5.0  ft. 


Smface  samples  for  2,4-D  and  2,4,5-T  were  taken  in  15  vertical  sampling  plots. 
The  authors  originally  intended  to  perform  vertical  sampling  in  the  plots  where  high 
levels  of  TCDD  were  detected.  However,  sample  processing  time  was  insufiicient  to 
permit  this.  The  vertical  sampling  plots  were  chosen  by  three  criteria:  brown 
staining  of  the  soil  surface,  random  selection,  and  resvJts  from  previous  soil  studies. 
Some  of  the  plots  with  the  highest  TCDD  siorface  concentrations  were  not  identified 
befoi'i  ‘  completion  of  vertical  sampling;  therefore  verticcJ  sampling  of  these  plots  were 
not  pv!rformed.  Greater  detail  of  the  sampling  protocol  can  be  found  in  Crockett  et 
al.  (1986). 
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Results  of  the  surface  soil  analysis  are  presen  ted  in  Figures  2.2  to  2.4.  The  X,Y 
coordinates  in  all  figures  correspond  the  to  X,Y  coordinates  in  Figure  2.1.  The  2,4-D 
and  2,4.5-T  values  were  taken  fi-om  the  0-3  inch  vertical  depth  sample. 

Results  of  the  subsurface  soil  analysis  are  presented  in  Figures  2.5  to  2.7.  The 
value  for  each  plot  is  the  median  concentration  fi-om  :ill  vertical  samples  taken  within 
that  plot.  Results  reported  to  be  invalid  by  the  authors  of  the  study  were  not 
considered  in  the  calculation  of  the  median  value.  'Fhe  highest  concentration  of  all 
three  chemicals  analyzed  were  found  in  the  3  to  7  inch  layer  of  soil;  510  ppb  for 
TCDD,  365,202  ppb  for  2,4-D,  and  682,247  ppb  for  2,4, 5-T.  The  authors  suggested 
that  remediation  to  a  vertical  depth  of  30  inches  would  result  in  TCDD  levels  below 
1  ppb  in  all  plots  but  one  (at  1.3  ppb).  The  highest  concentration  of  2,4-D  below  30 
inches  was  140  ppb  and  of  2,4,5-T  was  450  ppb.  The  plots  south  and  east  of  the 
fenceKne  were  considered  to  be  outside  the  HO  site  for  purposes  of  this  risk 
assessment.  This  is  because  the  plots  are  small  and  isolated,  there  are  no  data 
available  on  concentrations  for  adjacent  areas,  and  the  concentrations  are  relatively 
low  and  therefore  not  expected  to  contribute  significantly  to  ofisite  risk  were  access 
to  them  limited.  In  a  few  of  these  isolated  plots,  the  concentrations  are  likely  to  be 
representative  of  what  is  expected  to  have  been  leaky  drums  on  similar  plots  of  the 
HO  site. 

In  this  risk  assessment,  marine  biota,  sediment,  imd  avian  samples  were  used 
from  data  that  have  been  collected  since  1984.  These  sanples  were  analyzed  only  for 
TCDD.  Samples  of  marine  biota  were  obtained  fi-om  six  sites  (Figure  2.8),  according 
to  the  protocol  described  in  Forsell  (1987).  Sites  1  through  3  are  located  in  the  water 
adjacent  to  the  former  HO  site.  Site  4  is  located  on  the  oast  side  of  JI  and  serves  as 
a  control.  Site  5  is  located  at  the  west  wharf,  and  Site  6  is  located  at  the  coral  reef 
off  the  northwest  comer  of  JI.  Site  seven  is  located  on  the  former  HO  area.  Some 
of  the  samples  were  not  identified  by  site  number.  The  marine  biota  samples  were 
collected  as  grab  samples  by  divers  using  a  spear.  Prior  to  September  1937, 
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monitoring  consisted  of  collecting  one  fish,  one  invertebrate,  and  one  sediment  sample 
finm  Sites  1  throvigh  4.  After  September  1987,  the  monitoring  program  progressed 
to  a  more  systematic  collection  procedure.  Site  4,  the  control  site,  was  deemed  to  be 
tmnecessary  because  of  the  low  frequency  of  positive  values  from  Sites  1  to  3.  From 
Sites  1  to  3,  two  fish  from  each  of  the  following  species  or  species  groups  were 
collected  and  combined: 


Bullethead  parrotfish  (Scams  sordidus)  or  spectacled  parrotfish  (Scams 
perspicillatasy, 

Convict  tang  (Acanthums  triostegus)  or  goldring  surgeon  fish 
(Ctenochaetus  strigosus)’,  amd 

Goatfish  (Pseudupenus  sp,  or  Mulloides  sp.). 


An  additional  three  to  four  fish  samples  from  Sites  1  to  3  were  collected.  These  fish 
had  different  feeding  habits  than  the  algal  or  bottom  feeders  listed  above.  The 
additional  samples  included: 

/ 

•  Coral  feeders  such  as  chevron  butterfly  \M'^aproUyion  trifascialis); 
predators  such  as  eels,  octopus,  or  jacks  (Caranx  sp,);  and 


•  Nocturnal  feeders  such  as  shoulderfish  (Myripristis  sp.),  squirrelfish 
(Sargocentron  sp.  or  Neonephi'i  sp.),  or  trigger  fish  (Rhinecanthus  sp.  or 
Melichthys  sp.). 

Two  to  three  samples  of  invertebrates  were  collected  and  combined.  These 
included  crabs,  snails,  cucumbers,  gastropods,  or  worms.  Two  to  four  fish  were 
collected  from  the  west  wharf.  These  species  were  to  be  representative  of  the  spedes 
caught  by  sport  fishei-men  cn  JI.  One  or  two  sediment  samples  from  Sites  1  to  3 
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were  also  taken.  It  should  be  noted  that  no  fish  caught  in  wharf  fishing  have  been 
analyzed. 

Results  of  the  marine  biota  and  avian  analyses  are  presented  in  Table  2.1.  All 
avian  samples  were  taken  firom  Site  7.  The  number  of  marine  biota  and  avian 
samples  firom  each  site  are  presented  below  and  the  percentages  with  positive  residue 
values; 


Site 

Number 

Positive  values  (%) 

1 

62 

37 

2 

32 

16 

3 

8 

12.5 

4 

6 

0 

5 

47 

0 

6 

23 

0 

7 

3 

0 

Eighteen  samples  had  no  site  numbers.  Sites  1  to  3,  the  areas  adjacent  to  the  HO 
site,  generated  28.4%  positive  samples.  From  ail  sites  combined,  16?c  of  the  samples 
were  positive.  Fourteen  samples,  or  7%  overall,  had  values  above  25  pp+,  FDA’s  limit 
for  levels  in  edible  fish. 

Results  of  the  sediment  analysis  are  presented  in  Table  2.2.  Thirty-eight 
samples  were  taken;  two  were  positive.  Many  samples  are  missing  site  numbers. 
Previously,  Channell  and  Stoddard  (1984)  took  three  sediment  samples  prior  to 
construction  of  the  seawall  on  the  west  side  of  the  Island.  These  samples  averaged 
57  ppt  of  TCDD.  The  authors  felt  that  sediment  contamination  was  due  to  soil  runoff 
firom  the  site. 


36 


Tablo  2.1 

Johnston  isisnd  Rsh  Dsta 


Achillies  Ta 


BlackSDOt  Seraearrt 


BlackSDOt  Serqeam 


Blualined  Surneonfish 


Bluelined  Surq©on<ish 


Blueiined  Suraeoniish 


Brick  Sddierfish 


Builelhead  ParroHish 


Bullethead  Parrotfish 


Coelenterate 


Cone 


Cone 


Cone 


Cone  Shells 


Convict  Ta 


Convict  Ta 


Convict  Ta 


Crab 


Crabs 


Crown  Souirraifish 


Crown  Scuirralfish 


Crown  Souirrsifish 


Dolabella 


Doublebar  Goatlish 


Eel 


Eel 


Fish 


Rsh 


Rsh 


Gcldhno  Surneonfish 


GoWhnn  Surq«orrfish 


Hermit  Crab 


Hermit  Crabs 


Hermiit  Crabs 


Live  Coral 


Manvbar  Goatfish 


Moana  Kali 


Woana  Kaii 


Morav  sfH 


Morey  eel 


Oclitxis 


Musde 


Muscle 


Muscle 


Musde 


Muscle 


Muscle 


Musde 


Sao-a9 


D0C-68 


DeC“^S 


Seo-S9 


Jan-e3 


Dec-€8 


Seo-69 


Jan-ea 


Musde 
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Table  2.1  (cont) 
Johnston  IsSarxl  Fish  Data 


Orange  Soine  Unicomfish 


Orangemouth  Lizardfish 


Sea  Cucumber 


Sea  Cucumber 


Sea  Cucun^r 


Sea  Cucumber 


Slipoer  Lobster 


Snail 


Snails 


Snails 


St 


Tahitian  &  Soottin  Scuirrettish 


Tahitian  Scuirrelfish 


Threadfin  Butterflvfish 


Yeliowfin  Goatfish 


Yeltewfin  Goatfish 


Yeliowfin  Goatfish 


Yeltowsthoe  &  Yeliowfin  Goatfish 


Achillas  Ta 


Bluelined  Surgeonfish 


Bullethead  Parrotfish 


Cheveron  Butterfivtish 


Cone 


Cone 


Convict  Ta 


Convict  Ta 


Crown  Scuirrelfish 


Dolabella 


Ftsh 


Fish 


Ffsh 


Gokfrino  Surgeonfish 


Gokfring  Surgeonfish 


Hermit  Crab 


Manybar  Goatfish 


Moana 


Oct 


Orange  Mcwth  Lizardfish 


Red  Sna 


Red  Snaooer 


Red  Snaooer 


Muscle 


Muscle 


Muscle 


Musde 


Muscle 


Muscle 


Muscle 


Musde 


Musde 


Musde 


Liver 


Musde 


Musde 


Musde 


Musde 


Musde 


Musde 


Musde 


Muscle 


S 


Seo-€9 


Oec-88 


Nov-65 


S 


Dec-88 


S 


Jan-88 


Dioslrj' 

Li'/cfPFT 


ND 


ND 


21 


MD 


ND 


ND 


ND 


ND 


ND 


ND 


ND 


ND 


Musde 

Jan-88 

2 

Musde 

Dec-^ 

2 

Musde 

Seo-S9 

2 

Musde 

Dec-8S 

2 

Musde 

Dec-88 

2 

Musde 


Musde 


Liver 


Fa! 


Detection 

UmitPPT 


10 


10 


10 


10 


10 


10 


10 


10 


24 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


19 


10 


10 


14 


25 


Table  2.1  (com.) 
Johnston  island  Flsli  Data 


Sea  Cucumber 


Sea  Cucumber 


Snails 


Soectadsd  Parrotfish 


Thrsadfin  ButterfMish 


er  Fish 


Trioaer  Rsh 


Yellowfin  Goatfish 


Rsh 


Rsh 


Menbachi 


Moana 


Moana  Paoa 


Moana  Paoa 


Sea  Cucumber 


Sna 


Cone 


Crab 


Rsh 


Rs'i 


Fish 


Snail 


s«gm 


Ahole  Hole 


Ahole  Hole 


Ahole  Hole 


Ahole  Hole 


Ahole  Hole 


Blacksoot  Seraeant 


Blackscot  Serneant 


Biuelined  Suroeonlish 


Convkri  Tana 


Convict  Tan 


Dracula 


Oracuta 


Oracula 


Eel 


Gckjrino  Tana 


Htiialu 


Lowtin  Chub 


Lowlin  Chub 


Mackerel  Scad 


Muscle 


Muscle 


Muscle 


Liver 


Muscle 


Whole  Rsh 


Whole  Rsh 


Muscle 


Liver 


Muscle 


Whole  Rsh 


Whole  Rsh 


Whole  Rsh 


Whole  Rsh 


Whole  Rsh 


Muscle 


Muscle 


Muscle 


Muscle 


Whole  Rsh 


Whole  Rsh 


Muscle 


Muscle 


Muscle 


Wt'ole  Rsh 


Jan-8S  J 

2  j 

2  1 

Feb-S4 

1  2 

May-87 

2  i 

Dec-S8 

2 

Seo-84 

2 

Seo-^4 

2 

Dec-38 

2 

Nov-85 

3 

Seo-86 

3 

_ Seo-8A 

3 

3 

Seo-84 

I  3 

Seo-84 

3 

Mav-87 

3 

Seo-g-S 


Seo-S4 


Seo-S9 


Seo-84 


S90-64 


Oec-68 


Oct-87 


C%l5Cllon 

SiimilspT" 


10 


11 
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Tabia  2.1  <cont.} 

Johnston  Island  Fish  Data 

"'-"LimlTFPT'''' 

Manvtsar  Goatfish 

Musde 

Seo-89 

5 

ND 

10 

Manyray  Ratfish 

Musds 

Dec-88 

5 

NO 

10 

Moana 

Whole  Rsh 

Seo-84 

5 

NO 

4 

Moana 

Whole  Rsh 

Seo-8A 

5 

NO 

2 

Moana  Kali 

Muscle 

Q^><n-P4 

wtSV 

5 

ND 

10 

Moana  Pana 

Muscle 

Seo-84 

5 

NO 

300 

Moana  Papa 

Liver 

Seo-84 

5 

ND 

10 

CDctoous 

Seo-84 

5 

NO 

7 

Palani 

Muscle 

Sep-S4 

5 

ND 

10 

Palani 

Liver 

S«P-84 

5 

ND 

15 

Palani 

Whole  Rsh 

Seo-84 

5 

ND 

1 

Paoio 

Muscle 

Seo-84 

5 

ND 

1 

Papio 

Liver 

Seo-84 

5 

ND 

1 

Papio 

Fat 

Seo-84 

5 

NO 

8 

Paoio 

Muscle 

Seo84 

5 

ND 

3 

Paoio 

Liver 

Seo-84 

5 

NO 

6 

Paoio 

Fat 

5 

ND 

48 

Pantil  Fish 

Musde 

SeD-fi4 

5 

ND 

1 

Parrot  Fish 

Liver 

5 

ND 

22 

Parrot  Fish 

Fat 

Seo-84 

5 

ND 

604 

Parrot  Fish 

Muscle 

Seo-84 

5 

ND 

3 

Parrot  Fish 

Liver 

Seo-S4 

5 

ND 

3 

Red  Weke 

Whole  Rsh 

Seo-84 

5 

ND 

53 

Sheephead 

Whole  Rsh 

Seo-84 

5 

ND 

1 

wmmEssmsmamm 

Musde 

Seo-8f> 

5 

NO 

10 

Yellowfin  Goatfish 

Od-87 

5 

ND 

10 

Ahole  Hols 

Whole  Rsh 

Seo-84 

6 

ND 

S 

Blue  Ulua 

Musde 

Seo-84 

6 

ND 

1 

Blue  Ulua 

Liver 

Seo-84 

6 

ND 

3 

Blue  Ukia 

Fat 

Seo-84 

6 

ND 

18 

Hinaiaya 

Whole  Rsh 

Seo-S4 

6 

NO 

15 

Hinalava 

Musde 

Sfio-84 

6 

ND 

12 

Hinaiaya 

Liver 

Seo-84 

6 

NO 

46 

Moana 

Whole  Rsh 

wmmmm 

ND 

1 

Moana  Papa 

Musde 

Sep-84 

6 

ND 

ZZ 

Moana  Pana 

Liver 

Seo-84 

6 

NO 

34;3 

O'Paka  Paka 

Musds 

Seo-84 

6 

ND 

1 

O'Paka  Paka 

Liver 

Seo-84 

6 

ND 

7 

O'Paka  Paka 

Musde 

Ssp-84 

6 

ND 

1 

O’Paka  Paka 

Liver 

S«}-84 

6 

ND 

1 

Palani 

Sep-84 

6 

NO 

1 

Palani 

Uver 

S0O*S4 

6 

ND 

3 

Papio 

Musde 

Seo-84 

6 

ND 

1 
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Table  2.1  (corn.) 
Johnston  Island  Rsh  Data 


Tabid  SL2 

Johnston  Island  Sediment  Data 


Dec-88 


Nov-85 


S 


Mav-87 


Jan-88 


Nov-85 


S 


Nov-85 


Nov-85 


Nov-65 


Nov-85 


Jun-88 


Jun-86 


Jun-86 


Jun-86 


Dec-86 


Dec-86 


Dec-86 


Dec-86 


ND 

100 

ND  1 

100 

Helsel  et  al.  (1987)  collectsd  a  variety  of  liqiiid,  solid,  and  gas  samples  as  part 
of  a  series  of  monitoring  tests  for  evaluating  tliennal  desorption  and  ultraviolet 
photolysis  of  contaminated  soil.  To  determine  if  any  downwind  exposure  occurred  as 
a  function  of  distance,  four  high-volume  air  particxilate  samplers  were  positioned 
based  on  the  prevailing  easterly  trade  wind  direction. 

The  specific  locations  for  the  downwind  samplers  were  determined  by  using  a 
simple  Gaussian  pliime  dispersion  model.  The  model  estimated  the  distance 
downwind  from  the  test  area  where  the  groimd  level  particulate  impact  could  be 
anticipated.  The  dispersion  model  used  the  exhaust  stack  of  the  test  process  as  the 
emission  point.  The  stack  was  situated  approximately  15  feet  above  the  ground 
surface.  An  average  wind  velocity  of  11  miles  per  hour  blowing  parallel  to  the 
island’s  runway  (i.e.,  60  degrees)  was  used.  Pasqiiill-Gifford  Stability  Class  A 
(imstable)  conditions  were  assumed  for  measuring  contaminant  migration  during  the 
daylight  testing  activities,  and  Stability  Class  D  (neutral)  conditions  were  assumed 
for  measuring  nighttime  testing  activities.  The  layout  of  the  high-volume  air 
particulate  samplers,  in  relation  to  the  Agent  Orange  site  are  shown  in  Figure  2.1. 
The  sampler  located  nearest  the  east  side  of  the  site,  referred  to  as  HV-D,  served  as 
an  upwind  control;  whereas,  the  remaining  three  samplers,  HV-E,  HV-F,  and  HV-C, 
were  placed  80,  160,  and  240  feet  downwind,  respectively.  Sampler  HV-E  was  used 
to  monitor  offsite  migration  at  the  predicted  maximum  impact  location,  HV-F  acted 
as  a  monitor  of  offsite  migration  of  contaminated  particulate  due  to  natural  processes, 
and  HV-C  was  used  to  monitor  contaminated  particulate  migrating  off  the  island. 

The  ambient  air  filter  samples  (11  samples  total)  were  analyzed  for  the  amount 
of  particle-associated  TCDD  collected  on  each  filter.  TCDD  was  not  detected  on  any 
of  the  samples  analyzed.  A  summary  of  the  TCDD  concentrations  in  the  ambient  air 
filter  samples  is  presented  in  Table  2,3.  The  detection  limits  presented  as  ng  of 
TCDD  and  as  air  concentrations  (pg/'m^).  The  results  of  this  study  suggest  that 


TABLE  2.3 


Summary  of  2,3,7,8-TCDD  Concentrations  in 
Ambient  Air  Filter  Samples 


Run 

Migration  Path 
Monitored* 

Sampler 

' 

Sample 

Number 

Quantity 

(ng) 

Average 

Concen¬ 

tration 

(pg/m^) 

1 

Equipment  Setup  and  Testing 

Upwind  control 

HV-D 

R1-12A 

<1.4*’ 

<0.52*’ 

Offsite 

HV-E 

R1-12B 

<2.4 

<0.88 

Offsite  control 

HV-F 

R1-12C 

<1.4 

<0.55 

Off  island 

HV-C 

R1-12D 

<1.1 

<0.44 

2 

Operation  of  TD/UV  Photolysis  System 

Upwind  control 

HV-D 

R2-12A 

<0.96 

<0.24 

Offsite 

HV-F 

R2-12C 

<1.1 

<0.27 

Offsite  control 

HV-E 

R2-12B 

<1.5 

<0.36 

Off  island 

JV=C 

R2-12D 

<0.67 

<0.17 

3 

Decontamination  and  Demobilization 

Upwind  control 

HV-D 

R3-12A 

<0.75 

<0.25 

Offsite 

HV-F 

R3-12C 

<0.94 

<0.33 

Offsite  control 

no 

sample 

— 

— 

— 

Off  island 

HV-C 

R3-12D 

<1.3 

<0.30 

“  See  Figure  2.1  for  layout  of  air  samples. 

**  Not  detected.  Detection  limit  value  shown. 

Source:  Helsel  et  al.,  1986. 
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virtually  no  exposure  to  TCDD  occurred  as  a  result  of  the  soil  decontamination 
experiments  conducted  by  Helsel  et  al.  (1987).  P\irther,  these  data  suggest  that 
insignificant  levels  of  particle-associated  TCDD  were  dispersing  fitan  the  site  during 
the  sampling  period,  given  that  these  samplers  were  downwind  of  at  least  the 
southern  portion  of  the  site’s  total  surface  area,  in  addition  to  being  downwind  of  the 
soil  decontamination  experiments.  However,  because  of  the  limited  number  of 
samples  and  the  lack  of  data  for  the  entire  downwind  area  relative  to  the  site  (i.e., 
the  western  fenceline),  no  conclusions  can  be  made  regarding  TCDD  exposure 
potential  via  inhalation  of  contaminated,  airborne  particulate  at  the  time  the  samples 
where  taken  m  1986,  or  particularly  prior  to  1986,  when  the  site  was  being  used  for 
storage  purposes. 


2.2  Data  Quality  Assurance 

The  study  design  and  sample  collection  procedure  for  the  soil  study  (Crockett 
et  al.,  1986)  appear  to  be  adequate.  The  study  design  was  approved  by  EPA. 
However,  the  apparent  problems  that  occurred  during  sample  anal)rsis  may  liave  been 
corrected,  but  their  resolution  not  reported.  On  this  basis,  the  quality  of  the  soil  data 
in  this  report  cannot  be  accurately  judged.  Quality  assurance  concerns  are  discussed 
below. 


The  analytical  procedure  used  in  this  study  was  adapted  fmm  an  existing  EPA 
method  for  dioxin  analysis  where  the  detection  limit  was  0.1  ppb  for  surface  samples. 
The  sample  digestion  procedure  was  modified  and  the  detection  fimit  was  lowered  to 
0.01  ppb.  There  is  no  indication  that  a  method  validation  study  was  performed  to 
verify  that  this  modified  procedure  worked  adequately  with  this  coral  matrix  and 
lower  detection  lirr  it.  [However  matrix  spikes  at  1.0  ppb  analyzed  concurrently  with 
the  soil  samples  indicated  good  recoveries;  accordingly,  the  analytical  method  appears 
to  have  been  adequate  for  the  coral  matrix.]  According  to  the  EPA  method  'or  TCDD 
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analysis,  sample  extraction  must  be  completed  within  7  days  after  sample  collection, 
and  the  resulting  sample  extract  must  be  analyzed  within  40  days  thereafter.  Only 
one  laboratory,  U.S.  Testing  Laboratories,  analyzed  all  samples  collected  in  this 
study,  approximately  SOO  samples.  With  such  a  large  influx  of  samples  to  one 
laboratory  along  wifh  shipping  problems,  it  is  possible  that  the  holding  times  may  not 
have  been  met.  This  report  did  not  indicate  if  a  storage  stability  study  was  conducted 
to  ensure  the  stability  of  samples  until  analysis  could  be  performed. 

Matrix  spike  standards  and  surrogate  spikes  were  used  at  the  1.0  ppb  level  to 
test  the  accuracy  of  the  analytical  procedure. .  More  than  one  spike  concentration 
should  have  been  xised  to  test  the  accuracy  of  the  procedure  over  a  range  of  the 
expected  soil  concentrations.  Spikes  of  0.1  and  10  0  ppb  should  also  have  been  used 
because  these  concentrations  reflect  the  range  found  in  many  of  the  soil  samples.  A 
spike  of  1.0  ppb  is  100  times  the  reported  detection  limit,  therefore  the  method  was 
not  rigorously  tested  near  the  detection  limit.  The  report  indicated  that  the  average 
percent  recoveries  and  the  standard  deviations  from  the  matrix  spike  analyses  were 
well  within  the  guidelines  of  the  protocol.  The  analytical  guidelines  describing  data 
acceptability,  (e.g.,  recovery  and  standard  deviation  ranges),  were  not  provided  with 
this  report  such  that  criteria  used  to  evaluate  the  data  is  unclear.  The  report  also 
indicated  that  five  recoveries  were  considered  outliers.  Reasons  for  the  outliers  were 
explained  only  for  two  of  the  recoveries.  The  method  used  to  determine  why  the 
other  three  values  were  outliers  was  not  explained. 

An  independent  QA/QC  laboratory  was  utilized  to  perform  various  QA 
functions.  The  QA/QC  laboratory  submitted  sxunmaries  of  its  findings  in  various 
reports,  but  these  reports  were  not  appended  to  the  soil  study  report.  The  report 
indicated  that  thexa  were  several  discrepancies  between  Uie  performing  and  QAy'QC 
laboratories.  The  average  relative  percent  difference  (RPD)  for  split  sample  analysis 
between  the  two  labs  was  reported  as  51%  with  a  standard  deviation  of  76%.  This 
is  a  large  difference  between  the  two  labs.  The  report  stated  that  most  of  the  outliers 
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had  RPD’s  of 200%,  and  they  represented  sample  pairs  where  one  sample  value  was 
not  detected  and  the  other  value  was  low.  An  RPD  of  greater  than  ^0%  was  also 
reported  for  split  sample  anal3^i8  within  the  performing  laboratory  for  the  same 
stated  reasons.  This  indicates  that  the  analytical  method  used  may  not  have  been 
as  rugged  near  the  detection  limit  as  originally  intended.  Other  discrepancies 
between  the  two  labs  included  differences  in  results  from  field  performance  audit 
samples  and  performance  evaluation  standards.  As  stated  above,  these  discrepancies 
may  have  been  resolved,  but  this  report  did  not  discuss  if  they  were  or  how. 

The  report  stated  that  two  field  blanks,  considered  as  outliers,  were  not  rerun 
because  the  level  of  contamination  at  0.2  ppb  was  not  considered  significant,  A 
review  of  Figure  7  in  the  report  shows  that  approximately  46%  of  the  samples  had 
values  at  0.5  ppb  or  lower.  The  report  did  not  indicate  how  many  samples  were 
collected  with  these  positive  blank  samples,  nor  did  it  indicate  if  the  positive  sample 
blank  values  were  subtracted  frem  the  positive  soil  samples.  If  the  positive  sample 
blanks  were  not  subtracted  from  the  positive  soil  values,  then  some  of  the  reported 
positive  soil  samples  covild  be  false  positive  values. 

The  sample  collection  protocol  for  fish,  sediments,  and  birds  was  made  more 
systematic  in  October  of  1987,  but  it  still  appears  to  be  lacking  in  some  aspects.  The 
protocol  does  not  specify  that  different  stages  in  the  fish  life  cycle  be  sampled.  This 
information  would  be  helpful  to  determine  to  what  degree  the  adult  fish  are 
bioaccumulating  the  contaminants.  Not  all  trophic  levels  of  the  marine  biota  have 
been  sampled,  (e.g.,  filter  feeders).  No  systematic  protocol  has  been  established  for 
sediment  sampling.  Many  of  the  reports  did  not  specify  the  exact  location  where  the 
sediment  samples  were  taken.  Channell  and  Stoddart  (1984)  noted  three  positive 
sediment  sample  near  the  shore  on  the  west  side  of  the  site.  This  area  should  be 
resampled  to  determine  if  the  seawtdl  is  preventing  further  contamination  of  the 
lagoon.  Only  three  bird.s  have  been  sampled;  more  birds  should  be  sampled  to  assess 
the  possible  impact  of  the  site  on  the  nesting  birds.  There  are  no  data  for  2,4-D  or 
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2,4,5-T  in  fish,  sediment,  or  birds,  and  there  are  no  data  for  TCDD,  2,4-D,  or  2,4, 5-T 
in  sea  water  and  in  groimdwater  imder  the  site. 

Data  validation  for  the  fish,  sediment,  and  avian  analyses  can  not  be  performed 
for  several  reasons.  First,  the  exact  £PA  method  xised  to  analyze  these  samples  was 
never  mentioned  in  the  reports.  Second,  there  are  no  data  fi:nm  the  performing 
laboratory  on  their  QA/QC  procedures,  or  results  of  their  QA/QC  analyses.  Percent 
recovery  data  were  given,  but  comprehensive  data  validation  cannot  be  made  on  this 
one  piece  of  QA/QC  data.  Third,  since  the  samples  must  have  been  shipped  a  great 
distance,  there  is  no  information  on  whether  a  storage  stability  study  had  been 
performed. 

2.3  Summary  of  Chemicals  of  Potential  Concern 

Herbicide  Orange  (HO)  was  used  in  two  different  formulations  (U.S.  Air  Force, 
1974).  Grange  was  composed  of  a  50:50  mixtmre  of  n-butyl  2,4-dichlorophenoxyacetic 
add  and  n-butyl  2,4,5-trichlorophenoxyacetic  add.  Orange  11  was  composed  of  a 
60:50  mixture  of  n-butyl  2,4-dichlorophenoxyacetic  add  and  isooctyl  2,4,5- 
trichlorophenoxyacetic  add.  The  ratio  of  these  two  lots  on  JI  was  not  known.  The 
arithmetic  mean  TCDD  concentration  on  JI  was  determined  to  be  1.909  mg/kg  (U.S. 
Air  Force,  1974).  The  sample  analysis  did  not  differentiate  between  the  two  2,4,5, -T 
compounds.  The  only  dioxin  isomer  tested  in  all  of  the  samples  was  2,3,7,8- 
tetrachlorodibenzo-p-dioxin  (TCDD),  Other  isomers  of  dioxin  could  have  been  present 
in  the  HO,  and  therefore  could  also  be  contaminants  at  the  HO  site.  Both  phenoxy 
herbiddes  and  TCDD  have  been  detected  at  the  site,  and  TCDD  has  been  detected 
in  biological  samples.  Therefore,  these  three  chemicals  are  of  potential  concern,  along 
with  any  other  possible  isomer  of  dioxin  as  of  yet  unanalyzed. 
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3.0  Exposure  Assessment 


The  following  section  describes  the  procedures  used  for  conducting  the  exposure 
assessment  for  the  HO  site.  The  objective  of  the  exposure  assessment  is  to  estimate 
the  type  and  magnitude  of  current  exposure  and,  to  the  extent  possible,  future 
expos-ures  to  the  chemicals  of  potential  concern  at  JI.  The  exposure  assessment 
methods  tised  in  this  evaluation  are  those  described  in  various  documents  developed 
by  the  U,S.  Environmental  Protection  Agency  (EPA)  and  include  Cowherd  et  al.  1985, 
EPA  1988b,  EPA  1988c,  EPA  1989a,  EPA  1989b,  and  EPA  1989c,  The  methods  used 
in  the  exposure  assessment  for  the  HO  site  at  JI  include  consideration  of  the 
exposure  setting  and  the  exposure  pathways  which  are  of  partic\ilar  relevance  to  the 
types  of  human  populations  present  and  their  respective  activity  patterns.  This 
section  presents  the  following; 

(1)  Characterization  of  the  physical  setting  of  the  HO  site  and  the  resulting 
potentially  exposed  populations; 

(2)  Descriptions  of  the  identified  plausible  exposure  pathways; 

(3)  Estimations  of  human  exposure;  and 
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(4)  Identification  and  discxission  of  uncertainties  related  to  the  exposxue 
assessment  methods  used  in  this  evaluation. 

d.l  Characterization  of  the  Exposure  Setting 

TI  :e  potential  for  exposure  is  dependent  on  the  physical  setting  of  the  HO  site, 
indudmi  fhe  climate,  vegetation,  soil  type,  and  hydrology,  as  well  as  the  features  of 
the  poteur*  illy  exposed  popxilation,  dependent  on  population  characteristics  and  land 
use. 

3.1.3  Physical  Setting 

The  physical  setting  of  JI  has  been  extensively  characterized  and  reported 
(U.S.  Air  Force,  1974;  Thomas  et.  al.,  1978).  The  features  are  briefly  synopsized 
belovs. 


The  climate  is  marine  and  tropical  with  little  variation  in  temperature,  wind 
speed,  and  wind  direction  over  its  entire  surface  due,  in  part,  to  the  small  land  area, 
uniform  terrain,  and  low  elevation.  The  mean  temperature  is  79°F  ranging  firom  62'’F 
to  89‘’F.  The  mean  annual  rainfall  is  26  inches;  the  lowest  annual  rainfall  recorded 
was  13  inches  and  highest  42  inches.  The  annual  mean  relative  humidity  is  75%. 

Wind  characteristics  are  important  for  the  dispersion  modeling  component  of 
exposmre  via  the  air  mediian.  The  mean  annual  windspeed  is  15  mph  with  little 
variation  throughout  the  year  due  to  dominating  surface  trade  winds.  Monthly 
means  are  14  mph  to  16  mph.  Winds  are  fiom  the  northeast  and  east  85%  of  the 
time,  at  least  62%  of  the  time  in  every  month.  Occasionally  fiom  December  through 
March,  the  winds  are  light  and  variable  or  westerly. 
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Mean  monthly  sky  cover,  sunrise  to  sunset,  averages  6  on  a  scale  of  0  to  10 
with  little  variation. 

To  a  large  extent,  the  type  and  density  of  vegetation  is  determined  by  the 
amount  of  rainfall.  To  a  lesser  extent  at  the  HO  site,  it  is  influenced  by  residual 
levels  of  2,4-D  mid  2,4,5-T.  Vegetation  consists  of  a  few  grasses,  herbs,  and  dwarf 
shrubs.  Most  are  not  indigenous  and  have  been  introduced  to  JI  by  humans. 
Terrestrial  animal  life  is  equally  limited  in  variety.  These  are  described  in 
Section  6.0. 

Soil  is  the  most  critical  physical  component  of  the  Island  with  respect  to  risks 
posed  by  the  HO  site  because  it  is  the  medium  within  which  the  chemical 
contaminants  of  concern  are  contained.  Environmental  fate  and  transport,  which 
characteri2es  the  movement  of  the  contaminants  from  the  soil  medium,  is  largely 
dependent  on  the  soil  type  and  its  ability  to  release  or  retain  them.  The  surface  of 
JI  is  mainly  coral  sand  with  a  mixture  of  fine  coral  fragments.  The  area  of  the  HO 
site  is  not  part  of  the  original  Island  but,  through  dredging  and  reconstruction,  was 
built  up  artificially  with  alternating  layers  of  coral  and  sand  of  various  consistency 
and  porosity.  Beach  rock  on  the  Island  is  formed  by  sand  euid  coral  gravel  loosely 
cemented  together  by  calcium  carbonate.  The  HO  site  has  been  left  relatively 
undistitrbed  since  the  dedrumming  operation  (a  trial  soil  bum  and  comprehensive  soil 
sampling  program  are  the  only  major  activities  to  have  occurred  for  relatively  brief 
time  periods).  As  a  consequence,  most  of  the  loose  fines  on  the  surface  have  been 
blown  away,  leaving  the  surface  covered  with  a  combination  of  cobble-sized  or 
compacted  coral  fragments.  The  soil  has  not  been  well  characterized  for  its  physical 
features  (composition,  density,  porosity,  pH,  organic  content).  During  the  most  recent 
chemical  characterization  study  (Crockett  et  al.,  1936),  moisture  content  was 
determined  to  be  approximately  9.57%  and  9.0%  by  air  and  oven  drying,  respectively. 
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There  is  no  surface  water  on  the  HO  site  due  to  the  coarse  texture  and  extreme 
permeability  of  the  coral  sand  and  rubble  within  the  first  few  feet  of  the  regolith. 
Groundwater  on  the  Island  lies  in  general  at  a  depth  of  1.2  to  2.4  meters  (4  to  8  feet). 
The  aquifer  under  the  HO  site,  if  it  exists,  has  neither  been  characterized  nor  its 
chemical  composition  determined.  A  thin  lens  of  brackish  water  (dissolved  solids 
greater  than  1,000  mg/L)  that  is  rust  colored  and  has  an  odor  of  hydrogen  sulfide 
underlies  the  original  Island.  Characteristics  of  the  groundwater  are  important  for 
determining  the  fate  and  transport  of  contaminants  at  the  site. 

3.1.2  Current  and  Future  Land  Use  Conditions 

The  site  is  currently  not  in  use,  is  dormant,  and  has  access  limited  by  a 
surrounding  fence.  Potential  avenues  of  human  exposure  include  volatilization  of  the 
contaminants  into  the  air,  suspension  of  particle-laden  contaminants  into  the  air,  and 
consumption  of  edible  marine  life  that  have  become  contaminated  in  the  waters 
adjacent  to  the  site. 

Two  future  scenarios  that  woidd  alter  exposure  potential  fimm  that  presented 
by  current  land  conditions  and  which  form  the  basis  of  the  qiiantitative  estimations 
of  risk  in  this  analysis  are:  (1)  remediation  through  excavation  and  incineration^  of 
contaminated  soil;  and  (2)  covering  of  the  site  with  cement.  The  latter  scenario  is  not 
intended  to  be  a  substiti;te  for  prescriptive  site  capping,  which  is  a  more  thorough 
and  rigorous  form  of  remediation.  In  both  of  these  scenarios,  certain  activities  such 
as  construction  vehicles  on  the  site  and  excavating  alter  the  patterns  of  particvdate 
suspension  and  soil  volatilization  of  contaminants  from  those  in  the  current  use 
scenario.  These  are  explained  in  Section  3.3  as  they  are  incorporated  into  the 
calculation  of  emission  factors  and  exposure  estimatiori. 


*  Althou^  incineration  is  a  plausible  remediation  alternative,  potential  exposures  resulting  from 
indneratoT  emissions  during  thermal  desorption  and  combustion  of  TCDD,  2,4-D,  and  2,4,5-T  in  soil 
were  not  included  in  this  evaluation. 
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3.1.3 


Potentially  Exposed  Popiilations 


The  permanent  and  semi-permanent  Island  population  is  a  mixture  of  military 
personnel  whose  stay  on  JI  generally  ranges  from  one  to  three  years  and  civilians 
employed  by  a  DoD  service  contractor  who  remain  on  JI  for  longer  periods.  Some 
individuals  have  been  on  .-JI  for  over  15  years  and  at  least  two  who  are  still  on  JI 
were  involved  in  the  HO  dedrumming  operation.  Any  occupational  and  recreational 
activities  of  these  individuals  at  certain  distances  downwind  of  the  HO  site  create  a 
potential  for  exposure  to  convaminants  at  the  site.  These  activities  are  a  matter  of 
specific  job  fimctions  and  responsibilities  of  individuals  as  well  as  lifestyle  on  the 
Island. 

The  circumstances  that  create  a  potential  for  human  exposure  are  related  not 
to  activities  at  the  site  itself  (it  is  assximed  that  individvials  working  on  the  actual  site 
would  be  wearing  appropriately  protective  gear  and  clothing),  but  rather  to  activities 
beyond  the  boundary  of  the  HO  site  (Figure  2,1). 

For  exposxire  through  the  air  medium,  these  activities  include  but  are  not 
necessarily  Limited  to  any  occupatiorud  operations  associated  with  the  seawall,  the 
electrical  transformer,  the  Hi-Vol  sampler,  the  beacon  building  in  the  immediate  area, 
the  fire  training  area,  the  rip-rap  area  vised  as  a  boat-lavmch  site,  and  the  bum  pit 
at  an  intermediate  distance.  The  time  that  an  individual  is  located  in  these  a;eas 
conducting  operations  related  to  facilities  for  any  one  episode  and  the  frequency  with 
which  these  areas  are  visited  is  variable.  As  important  components  in  the  calculation 
of  potential  human  exposure,  it  was  necessiuy  to  assume  reasonable  values  for  time 
and  frequency  vrithin  the  range  of  0  to  24  hours  per  day,  0  to  7  days  per  week. 
Typical  values  used  for  atmospheric  dispersion  estimates  are  one  hour,  eight  hours, 
and  annual  averages  concentrations  (e.g.,  mg/m^),  which  are  usually  based  on 
continuous  exposure.  Without  the  benefit  of  actual  time-activity  data  and  considering 
the  structures  around  the  site,  their  fonctioni:,  and  the  need  to  choose  exposure 
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parameters  that  are  conservative  but  nevertheless  reasonable,  a  value  of  1  hour  per 
day,  five  days  per  week  was  assumed  to  be  appropriate  for  the  time  and  frequency 
that  an  individual  would  be  located  in  proximity  to  the  site.  This  represents  a 
reasonable  approximation,  although  actual  values  may  be  greater  or  lesser. 

Sport  fishing  presents  a  potential  for  exposure  through  the  food  chain,  since 
fish  sampling  data  indicate  a  potential  for  TCDD  exposure  though  consumption  of 
contaminated  fish.  Sport  fishing  is  an  important  recreational  activity  on  Johnston 
Atoll  (JA).  Approximately  350  boxes  of  finzen  fish  are  exported  each  year  for  home 
leave  (Irons  et  al.,  1990).  Many  fishermen  give  some  of  their  catch  to  ncniishermen 
for  consumption  on  the  island,  and  for  export  during  home  leave.  Fishing  is 
conducted  firom  the  shorelines  arovmd  the  islands  and  from  boats.  Both  line  fishing 
and  spear  fishing  are  allowed  on  JA.  line  fishing  is  conducted  both  at  night  and 
during  the  da3dime.  The  only  area  that  is  off  limits  to  fishing  is  the  area  adjacent 
to  the  former  HO  site  out  to  the  shipping  channel.  Residents  are  aware  of  this 
restriction  and  it  is  not  violated.  Fishing  is  allowed  on  the  other  side  of  the  channel 
out  to  the  reef  (Zone  5  in  Fig^e  3.1).  Irons  et  al.  (1990)  has  conducted  an  extensive 
fish  catch  survey  to  cliaracterize  the  fish  noptilation  on  JA,  a  portion  of  which  is 
attached  in  Appendix  A  of  this  report. 

3.2  Identification  of  Exqjosure  Pathways 

The  identification  of  exposure  pathways  involves  consideration  of  the 
environmental  fate  and  transport  of  a  chemical  in  media  where  its  presence  has  been 
detected  and  if  possible,  quantified,  as  weU  as  human  activities  which  may  present 
opportunities  for  exposure  to  occur.  An  exposure  pathway  generally  consists  of  four 
elements; 

(1)  A  somce  and  mechanism  of  chemical  release; 
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(2)  A  retention  or  transport  mediinn; 

(3)  A  "point"  of  potential  human  contact  with  t’le  chemical  or  contaminated 
medium;  and 

(4)  An  exposure  route  (e.g.,  inhalation,  ingestitn,  or  dermal  contact)  by 
which  the  chemical  may  be  absorbed  into  the  body. 

The  following  sections  (3.2.1  through  3.2.3)  present  the  plausible  exposure 
pathways  for  persons  at  JI  which  form  the  basis  for  quantiiication  of  exposxire  in 
SecQon  3.3. 

3.2.1  Identification  of  Sources  and  Receiving  Environmental  Media 

As  described  in  Section  1.2,  the  primary  soiarce  of  environmental  release  of  HO 
at  JI  (i.e.,  corroded  steel  drums  containing  HO)  was  removed  in  1977.  However, 
contaminated  soil  has  subsequently  served  as  a  source  for  environriental  release  of 
the  active  ingredients  of  HO  (i.e.,  2,4-D,  2,4,5-T)  and  the  contaminant  TCDD.  As 
described  in  Section  2.0,  the  environmental  media  which  has  been  sampled  and 
analyzed  is  the  soil  directly  beneath  the  .  0  storage  site.  In  addition,  Oy'-ean  sediment 
and  limited  fish  spedes,  which  are  native  to  the  reef  surrounding  the  island,  were 
caught  and  subjected  to  tissue  analyses.  The  soil  samples  were  analyze!  for  TCDD, 
2,4-D,  and  2,4,5-T,  whereas  the  fish  tissue  and  sediment  samples  were  analyzed  for 
TCDD  only.  Based  on  an  evalxiation  of  the  sampling  data  provided  to  B'iskFocus 
(see  Section  2.0),  the  receiving  media  for  the  contamination  is  the  soil  at  the  site  and 
apparently,  through  an  iinknowm  mechanism,  the  aquatic  biota  near  the  site.  Air  and 
groundwater  sampling  has  not  yet  been  performed  and  thus,  cannot  be  evalxiated  as 
to  their  potential  significance  as  receiving  media  (see  Section  7.0). 
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Potential  significant  mechanisms  of  release  for  TCDD,  2,4,-D  and  2,4,5-T  from 
the  soil  at  the  HO  site  include  volatilization  and  emission  as  soil-associated  airborne 
particles  (EPA,  1988b).  Emission  of  the  compounds  adsorbed  to  airborne  particulate 
matter  is  partiailarly  important  to  consider  if  the  surface  of  the  soil  at  the  HO 
storage  site  is  distiirbed  (e.g.,  during  excavation)  which  creates  dust  emissions  from 
activities  such  as  vehicular  traffic  and  of  vehicular  loading  and  unloading  of 
contaminated  soil  and  which  allows  wind  erosion  to  occur  unless  dust  control 
measures  are  taken  (EPA,  1988b).  Wind  erosion  of  the  undisturbed  soil  at  the  HO 
site  is  assumed  not  to  be  significant  for  several  reasons: 

•  cJI  experiences  continuous  air  movement  (see  Section  3.1)  across  the 
island’s  surface.  Thus,  any  fine  particles  available  for  erosion  would 
have  eroded  soon  after  activity  ceased  on  the  site  in  1977,  leaving  it 
relatively  undisturbed  with  the  exception  of  the  most  recent  soil 
sampling  effort  (Channell  and  Stoddart,  1984); 

•  Based  on  direct  observation  during  a  site  visit  in  1990,  the  particle  size 
distribution  of  the  surface  soil  at  the  site  was  foimd  to  include  large 
coral  rocks  which  would  tend  to  prevent  wind  erosion;  and 

•  Vegetation  covers  approximately  20%  of  the  surface  sirea  of  the  HO  site, 
further  preventing  significant  wind  erosion. 

•  Helsel  et  al.  (1987)  conducted  a  study  in  1986  which  included  sampling 
airborne  particles  and  subsequent  analysis  of  TCDD  levels;  this  study 
suggested  that  particle-associated  TCDD  was  not  dispersing  from  the 
umdisturbed  site. 


57 


Other  release  processes  (EPA,  1989a)  that  may  be  important  are  apparent  from 
the  fish  tissue  data.  These  data  suggest  that  one  or  both  of  the  following  release 
processes  may  also  be  important: 

•  Leaching  cf  TCDD  (and  possibly  2,4 J5  and  2,4,5-T)  from  the  soil  via 
surface  and  ground  water  migration  into  the  ocean;  and 

•  Migration  of  contaminated  soil  particles  into  the  ocean  due  to  water 
drainage. 

The  rate  and  extent  of  bioconcentration  of  these  compounds  in  the  local  reef 
ecosystem  cannot  be  assessed  with  the  available  data.  Similarly,  without  air 
sampling  data  (e.g.,  vapor  phase  and  particulate  matter)  the  extent  to  which  the 
compounds  may  be  dircctl,  volatilizing  or  emitted  as  contaminated  dust  from  the  site 
is  unknown.  The  next  section  (3.2.2)  presents  further  rationale  for  the  exposure 
pathways  of  potential  concern  based  on  physicochemical  characteristics,  and  the 
environmental  fate  and  transport  of  these  compounds. 

3.2.2  Evaluation  of  Environmental  Fate  and  Transport 

3.2.2. 1  Environmental  Fate  and  Transport  of  Dioxin 

Polychlorinated  dibenzo-p-dioxins  are  tricyclic  aromatic  compounds  consisting 
of  two  benzene  rings  connected  through  oxygen  atoms  and  containing  a  var3dng 
number  of  chlorine  atoms  at  different  positions  on  the  benzene  rings.  There  are  75 
possible  isomers  of  polychlorinated  dibenzo-p-dioxins  (EPA,  1979).  Most  of  the 
environmental  fate  and  transport  data  on  this  class  of  compoimds  are  on  the  2, 3, 7, 8 
isomer.  Its  structure  is  shown  below. 


2,3,7,8-Tetrachlorodib€ii2:o-j>-<iio2ui 


TABLE  3.1 

PhyiicaJ/Chemical  Propertiea  of  Coastihieata  of  Herbicide  Orange 
Found  at  Johartoa  Island 
Hedndde  Orange  Storage  Area 
Johnston  Island,  Johnston  Atoll 


Chemical  Nama 

Molecular 

Weight 

Spodfic 

gravity 

Water 

solubility 

(mg/L) 

Vapor 
pressure 
(mm  Hg) 

Henry's 

Law 

Constant 

(atio- 

mVmoI) 

Log 

(KJ 

Log 

2JJ.7,8- 

Tetrachloro- 

diben*o-p-Dioxin‘ 

321.97 

1.827 

1.93  X 
10^ 

L52x 

10^ 

8.1  X 

10^ 

6.0- 

7.39 

6.15- 

7.23 

2.4- 

M  Dichlorophenoxy 

1  acetic  add** 

1  (n-butyl  ester) 

277.1S 

No 

data 

2.47 

4.62  z 
i(r* 

6.8  X 

i(r’ 

■ 

4.60 

2,4,6- 

Trichlorophenoxy 
acetic  add^ 

(n-butyl  ester) 

311.59 

1.316- 

L340‘‘ 

0.268 

5.08  X 
lO-"' 

7.77  X 

■ 

5.34 

2,4,5- 

Trichlorophenoxy 
acetic  add^ 
(Iso-octyl  ester) 

367.7 

L2- 

L22^ 

NA‘ 

6.12  X 
icr* 

NA* 

NA* 

7.33 

•  Values  from  ATSDR,  June  1989. 

**  All  values  except  specific  gravity  estimated  by  GEMS. 
'  Not  available  (no  estimation  method  available). 

From  Department  of  the  Air  Force,  1974. 
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TCDD  is  formed  as  a  byproduct  under  the  conditions  of  synthesis  of  polychlorinated 
phenols  and  products  formed  firom  them,  including  the  herbidde  2,4,5-T.  The  amoTint 
of  TCDD  occurring  in  2,4,5-T  appears  to  vary  with  each  batch  and  with  each 
manufacturer  (EPA,  1979).  Table  3.1  lists  the  key  physical  properties  of  2,3,7,8- 
TCDD.  The  ultimate  environmental  fate  of  2,3,7 ,8-TCDD  appears  to  be  strong 
adsorption  to  soils  and  sediments  and  bioaccumiilation  in  biota. 

(1)  Soil.  Once  2,3,7 ,8-TCDD  moves  into  soils,  it  is  strongly  sorbed  and  only 
limited  migration  through  the  soil  is  expected  to  occur  [(as  suggested  by  its  low  water 
solubility  (200  ppt)]  and  high  log  K^c)  unless  organic  solvents  are  present  that  are 
able  to  elute  the  compound  firom  the  soil  particles  (EPA,  1990).  Transport  of  2, 3,7,8- 
TCDD  through  or  from  contaminated  soil  occurs  to  a  limited  extent  through: 

•  Slow  movement  of  the  compoimd  through  the  soil  column  as  a  result  of 
leaching; 

•  Overland  transport  of  contaminated  soil  particles  as  runoff; 

•  Wind  erosion;  and 

•  Diffusion  of  2,3,7 ,8-TCDD  vapor  through  the  soil  pore  spaces  and 
ultimately  to  the  atmosphere  (EPA,  1988b). 

The  latter  process,  however,  is  expected  to  be  slow  due  to  tlie  high  affinity  of  the 
compound  for  soil  particles  and  the  low  vapor  pressure  of  2,3,7, 8-TCDD  (on  the  order 
of  KT®  to  10'^^  mm  Hg  at  25°C)  (EPA,  19^).  As  a  result,  the  half-life  of  volatili^-ation 
from  soil  is  measured  in  weeks  for  surface  soil  and  in  years  for  2,3, 7, 8-TCDD 
occurring  below  6  cm  of  soil  (EPA,  1990). 
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Chemical  degradation  of  2,3,7,8-TCDD  via  hydrolysis  or  oxidation  in  soil  is 
unlikely  to  be  an  import^t  fate  process  in  light  of  the  very  low  rate  constants  for 
these  reactions  in  aqueous  media  (EPA,  1988b).  Laboratory  studies  indicate  that 
after  deposition  of  2,3,7,8-TCDD  onto  surfaces,  there  is  initially  a  high  loss  due  to 
photodegradation  in  the  presence  of  hydrogen  donors,  and  possibly  volatilization 
(EPA,  1990).  However,  there  is  little  evidence  to  support  the  suggestion  that 
photolysis  plays  a  significant  role  in  the  fate  of  2,3,7,8-TCDD  in  soils,  especially  when 
the  compound  occxirs  in  horizons  below  the  soil  surface  (EPA,  1988b).  Some  loss  due 
to  the  biodegradation  by  microorganisms  in  the  soil  may  occur,  but  the  extent  of  loss 
through  this  mechanism  is  highly  dependent  on  the  type  and  concentration  of 
organisms  present  in  the  soil;  under  most  circumstances;  biodegradation  is  not 
expected  to  make  a  sigpuficant  contribution  to  the  fate  of  2,3,7,8-TCDD  (EPA,  1988b). 

(2)  Water.  The  major  fate  of  2,3,7,8-TCDD  in  aquatic  ecosystems  is  related 

to  adsorption  and  loss  to  sediments  and  suspended  particulate  matter,  due  to  the  low 
water  solubility  and  high  of  this  compound.  Half-lives  in  water  due  to 
photolysis,  as  estimated  from  quantum  yield  data,  are  fi-om  roughly  1  to  4.6  days; 
however  measxured  half-lives  of  2,3,7,8-  fCDD  in  water  due  to  photolysis  exceed  28 
days  (EPA,  1990).  2,3,7,8-TCDD  is  probably  stable  to  oxidation  in  aquatic 

environments,  based  on  limited  data  (EPA,  1990).  There  is  no  available  evidence  that 
2,3,7,S-TCDD  would  be  degraded  to  any  extent  by  hydrolysis  in  water  (EPA,  1990). 
The  estimated  Henry's  Law  constant  of  1.6  x  lO"*  atm-m^/mol  suggests  that  2,3,7,8-' 
TCDD  may  volatilize  from  water  and  enter  the  atmosphere. 

(3)  Sediments.  2,3,7,8-TCDD  is  transferred  to  sediments  via  leaching  from 
contaminated  soil,  runoff  of  contaminated  soil  particles,  and  precipitation  of 
resuspended  contaminated  soil  particles  and  vapor  (adsorbed  to  particles  or  in 
rainfall)  from  the  atmosphere  into  bodies  of  water.  As  with  soil,  microbial 
degradation  is  expected  to  be  slow  and,  hence,  not  an  important  fate  mechanism  for 
this  compound. 
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(4)  Air.  The  air  over  a  contaminated  site  will  contain  limited  amounts  of 
2,3,7,8-TCDD  as  a  restilt  of  slow  volatilization  firom  the  soil  and  resuspension  of 
contaminated  soil  particles  from  the  site.  Laboratory  studies  indicate  that  indirect 
photolysis  occurs  through  reaction  of  atmospheric  hydroxyl  radicals  with  2,3,7,8- 
TCDD,  indicating  a  half  life  of  airborne  gaseous  2,3,7,8-TCDD  in  sunlight  of  5  to  24 
days  (EPA,  1990).  Methods  for  estimating  photolysis  half  life  are  inconsistent  with 
measurements  in  the  laboratory,  producing  values  of  1  to  200  hours  as  the  half-life 
(EPA,  1990). 

(5)  Biota.  2,3,7,8-TCDD  has  been  shown  to  be  bioav  ilable  to  fish  and  other 
aquatic  organisms  primarily  from  sediments  (EPA,  1988b).  In  fact,  of  the  possible 
substituted  dioxin  isomers  in  the  tetra-  through  octachlorinated  homologous  series, 
the  2,3,7, 8  isomer  has  the  highest  bioaccumulation  in  fish  (EPA,  1988b).  The  extent 
of  actual  bioaccumulation  will  depend  on  the  species,  lipid  content,  ratio  of  surface 
area  to  weight,  food  intake  rate,  density  of  suspended  particulate  matter,  the  time 
each  species  spends  in  given  contaminated  areas,  and  the  concentrations  of  the 
compormd  in  the  contaminated  sediments  (EPA,  1988b).  Marine  biota  may 
bioaccumulate  2,3,7,8-TCDD  from  intake  of  sediments,  from  intake  of  contaminated 
food,  and  via  absorption  from  external  surfaces  (although  the  latter  is  probably  a 
minor  route).  While  no  data  exist  to  determine  whether  a  correlation  exists  between 
the  bioconcentration  factor  (BCF)  and  concentration  in  the  water  for  marine  species, 
studies  with  warm-  and  coldwater  freshwater  species  indicate  that  the  lower  the 
water  concentration,  the  higher  is  the  BCF  observed  (EPA,  1990),  Estimated  BCFs 
for  2,3,7,8-TCDD  based  on  measured  versus  estimated  Log  Kq^  values  range  from 
3,000  to  68,000  and  from  7,000  to  900,000,  respectively  (EPA,  1984).  Adequate 
measured  data  to  characterize  the  actual  range  of  BCFs  for  marine  species  for  2,3,7,8- 
TCDD  are  not  available.  Measured  data  for  freshwater  fish  include  a  whole-body 
BCF  of  2,000  for  channel  catfish  (after  28  days)  and  a  steady-state  BCF  of  5,450  to 
9,270  in  rainbow  trout  (EPA,  1984).  Serrion  6.0  of  this  report  contains  additional 
information  on  the  uptake  of  TCDD  n  biota. 
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3.Z2^ 


Enyironm.gtttal  Fata  and  Tr3Ji3T?ort  of  2.4-D 


Tha  dianacal  structure  of  2,4-D  is  sliown  below. 


''■■^^0-ch.J-oh 

2,4-D 

There  is  ocly  liraitsd  fate  informatioa  available  on  2,4-D;  however,  its  environmental 
fate  and  transport  properties  can  at  least  be  inferred  in  part  finm  thA 
physicochenakal  properties  listed  in  Table  3.L  llie  log  Kqc  value  of  4  (K^c  =  10,000) 
uuhcates  that  2,4-D  will  absorb  strou^y  to  soil,  but  100  or  more  tiaaea  less 
tenacioualy  than  2,3,7 3-TCDD.  Due  priinarily  to  tha  hi  gher  water  solubility  of  2,4-D 
relativQ  to  that  of  2,3,7,8-TCDD,  2,4-D  will  volatilize  even  less  than  2,3,7,8-TCDD 
from  contaminated  waters,  as  suggested  by  the  difference  in  Henry's  law  constant 
Because  of  its  lower  log  Kq^,  2,4-D  is  expected  to  bioaccumulate  in  fish  to  a  much 
lesser  extent  than  2,3,7,8-TCDD.  Because  tha  magnitude  of  its  vapor  pressure  is  3 
orders  graatsr  than  tbat  of  TCDD,  2,4-D  is  expected  to  volatilize  to  a  greater  extant 
from  contaminated  soil.  2,4-D  is  biodegraded  by  soil  microorganisms,  and  there  is 
reportedly  no  accumulation  of  2,4-D  in  soil  as  a  result  of  normal  agricultural  use 
(lAHC,  1977).  Based  on  experience  in  Southeast  Asia,  less  than  or  equal  to  0.02 
percent  of  tha  amoimt  originally  applied  remained  in  the  soil  after  6  to  7  years 
(lABC,  1977).  2,4-D  is  reported  to  have  a  half-life  of  considerably  less  than  23  da3ra 
in  sedimenta  from  frsnhv^atsr  ponds  (lARC,  1977). 
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The  cheiaicsl  structure  of  2,4,5'T  is  sho^  below. 


a 


2,4^T 

There  is  only  iiinitsd  fata  infonaation  available  on  2,4,5-T;  however,  its 
environmental  fate  an  i  tranax>ort  properties  can  at  least  be  inferred  in  part  from  the 
ph^^cochemical  properties  listed  in  Table  3.1.  The  fate  properties  of  2,4,5-T  closely 
resemble  those  of  2,4-D.  Thus: 

•  Strong  adsorp^cn  to  soil  is  expected,  but  not  as  high  a  binding  strength 
as  with  2,3,7,8-TCDD; 

«  Less  volatilization  from  water  and  greater  volatilization  from  soil  are 
expected  relative  to  2,3,7,8-TCDD;  and 

•  Less  bioaccumulation  is  fish  and  other  marine  life  is  expected  relative 
to  TCDD. 

2,4,5-T  is  reported  to  be  biodegraded  more  slowly  than  2,4-D  by  soil  microorganisms; 
however,  it  is  also  reported  that  no  accumulation  of  2,4,5-T  in  soil  occurs  as  a  result 
of  agriculttuisJ  applications  (TARC,  1977).  Based  on  experience  in  Southeast 

Asia,  less  than  or  equal  to  0.3  percent  of  the  original  applied  amoimt  remained  in  the 
soil  3  to  5  years  alter  application  (lARC,  1977). 
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3.2.3 


Identification  of  Exposxire  Points  and  Routes 


Based  on  the  current  exposure  setting  at  the  HO  site,  the  physicochemical 
properties  of  TCDD,  2,4-D,  and  2,4,5-T,  their  fate  and  transport,  and  the  currently 
available  environmental  sampling  data  for  soil  and  fish  tissue,  the  following  exposxire 
pathways  were  considered  in  evaluating  potential  current  exposures: 

Current  Scenario: 

(1)  Inhalation  of  vapor-phase  TCDD,  2,4-D,  and  2,4,5-T  by  persons  working 
near  the  existing  site  (see  Section  3.1.4);  and 

(2)  Ingestion  of  contaminated  fish. 

Similarly,  two  proposed  future-use  scenarios  for  the  HO  site  were  considered 
based  on  options  for  future  use  known  to  have  been  considered  by  the  U.S.  Air  Force 
(Jeffers,  1984): 

(1)  Excavation  of  the  contaminated  soil  and  concurrent  treatment  by 
incineration;  or 

(2)  Construction  of  a  cement  layer  on  top  of  the  entire  HO  site  for  use  as  a 
storage  depot. 

Thus,  based  on  the  activities  associated  with  these  scenarios  and  consideration  of  the 
currently  available  soil  sampling  data,  the  following  potential  future  exposure 
pathways  were  considered  for: 
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Future-Use  Scenario: 


•  Scenario  1  (Excavation):  Inhalation  of  contaminated  soil  from  vehicular 
trafSc,  loading  and  unloading  operations  during  site  excavation  and 
treatment,  and  wind  erosion  of  disturbed  soil. 

•  Scenario  2  (Cement  Covering):  Inhalation  of  contaminated  soil  from 
vehicular  traffic  and  wind  erosion  of  disturbed  soil. 

For  both  of  the  future-use  scenarios,  direct  expostire  to  workers  engaged  in  the 
remediation  activities  was  not  considered  likely.  It  was  assumed  tliat  these 
individuals  wovdd  be  adequately  protected  by  personal  protective  equipment  (e.g., 
clothing,  gloves,  respirators)  used  site  remediation/modification  involved  in  the  two 
future-use  scenarios.  Thus,  the  exposiire  points  (receptor  sites)  being  evaluated 
include  inadvertent  expos\ire  to  individuals  working  near  the  site  (see  Section  3.1.4). 

3.3  Quantification  of  Exposxire 

3.3.1.  Estimation  of  Reasonable  Maximum  Exposure 

The  theoretical  most  exposed  individual  (MEI)  is  assumed  to  represent  the  risk 
receptor.  This  is  consistent  with  procedures  recommended  by  the  EPA  (1989c).  In 
this  assessment,  risk  to  the  MEI  is  based  on  access  to  any  point  around  the  perimeter 
of  the  HO  site  (including  the  seawall)  and  selection  of  the  maximum  point  of  exposure 
around  the  perimeter.  However,  in  actuality  there  are  certain  limitations  to  where 
the  MEI  can  be  situated  because  of  the  real  limitations  on  access  to  the  site. 
Therefore,  risk  to  an  alternate,  more  realistic  MEI  (a  person  who  has  "reasonable 
maximum  exposure"),  restricted  to  the  fenceline  and  not  the  seawall,  is  also 
calculated  for  comparison.  As  a  resxilt,  risk  is  calculated  for  two  receptors,  the 
theoretical  MEI  (TMEI)  and  the  alternate  MEI  (AMEI), 
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3.3.2 


Inhalation  of  Vapors 


As  discussed  in  Section  3.2.2,  volatilization  is  an  important  mechanism  by 
which  TCDD  is  depleted  from  the  soil  (EPA,  1988b).  Further,  based  on  EPA’s 
analyses,  the  fate  of  TCDD  in  soil  is  so  slow  by  water  leaching  that  other  transport 
mechanisms,  such  as  volatilization  and  erosion,  are  much  more  important.  However, 
in  view  of  the  very  low  vapor  pressure  of  TCDD,  volatilization  itself  may  be  an 
extremely  slow  process  depending  upon  variables  such  as  diurnal  temperature 
changes  on  the  smface  of  the  soil,  as  well  as  concurrent  processes  such  as  photolysis 
of  the  compound  at  the  surface,  and  microbial  degradation  CEPA,  1988b).  Given  the 
similar  physicochemical  properties  of  2,4-D  and  2,4,5-T,  vapor-phase  emission  is  also 
considered  to  be  an  important  release  mechanism  for  these  compounds. 

To  assess  potential  inhalation  exposure  from  vapor-phase  TCDD,  2,4-D,  and 
2,4,5-T  originating  from  contaminated  soil  at  the  HO  site,  a  screening-level  air 
modeling  analysis  was  conducted  to  estimate  one-hour,  eight-hour,  and  annual 
average  concentrations  of  these  compounds  at  the  fenceline  of  HO  site  beginning  after 
removal  of  the  drums  containing  HO.  These  predicted  air  concentrations  were  then 
used  to  estimate  inhalation  exposure  to  individuals  working  near  the  site  (proximate 
to  the  fenceline). 

The  EPA-approved  Industrial  Source  Complex  (ISC)  model  (EPA,  1987)  was 
used  in  a  screening  mode  to  conservatively  estimate  ambient  air  concentrations  of  the 
vapor-phase  compounds.  Model  runs  were  made  for  wind  directions  every  10  degrees 
around  the  compass  (36  runs  total),  starting  from  north  (0  degrees).  A  wind  speed 
of  1.0  m/s  and  an  extremely  stable  atmosphere  (Pasquill  stability  category  6)  were 
assumed  in  the  modeling. 

A  total  of  140  ground-level,  non-buoyant,  point  sources  were  used  to  represent 
the  area  of  compound  emissions  in  the  modeling.  The  main  HO  site  was  extended 
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westward  to  the  shoreline  to  include  isolated  TCDD  "hotspots"  and  this  identical  area 
was  used  for  estimating  2,4-D  and  2,4,5-T  emissions  (Figure  2.1). 

Individxial  sample  blocks  with  nondetectable  measurements  of  the  compounds 
(labelled  "ND")  were  each  assigned  a  value  of  one-half  the  detection  level  (EPA,  1989), 
whereas  missing  values  within  the  fenceline  were  assigned  the  median  value  for  all 
plots  sampled  and  analyzed  at  the  site  (Figure  3.2,  3.3,  and  3.4).  Finally,  for 
purposes  of  modeling  point  emission  sources  across  the  surface  of  the  soil  sampling 
grid,  a  point  source  was  located  at  the  center  of  each  four-plot  sampling  area.  The 
soil  concentration  of  TCDD,  2,4-D,  and  2,4,5-T  for  each  point  source  was  calculated 
by  averaging  the  four  measured  concentrations  (ppb)  associated  with  the  set  of  four 
adjacent  sample  plots  (see  Figures  3.5,  3.6,  and  3.7). 


Methods  developed  by  EPA  for  estimating  exposures  to  TCDD  (EPA,  1986a; 
Hwang  and  Falco,  1986)  were  used  to  calculate  time-averaged  compound  vapor-phase 
emission  rates  for  TCDD  as  well  as  2,4-D  and  2,4,5-T.  It  is  important  to  note  that 
environmental  fate  processing  (e.g.,  photolysis,  microbial  degradation)  which  reduce 
the  concentration  of  these  compounds  in  soil  over  time  are  not  accounted  for  using 
this  estimation  procedure;  thus,  the  emission  rate  estimates  represent  overestimates 
for  long  exposure  durations  (e.g.,  greater  than  approximately  10  years).  These 
emission  rates  (Np),  expressed  as  grams  per  cm^  per  second,  were  estimated  for  each 
four-plot  average  soil  concentration  as  follows: 
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Figure  3-6.  2,4-D  Surface  Soil  Concentrations  (ppb) :  Aggregated  Cells 
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Figure  3-7.  2,4,5-T  Surface  Soil  Cencentrations  (ppb) :  Aggregated  Cells 
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where,  Dj  =  molecular  difTusivity  of  the  vapor-phase  compound  in  air 

(i.e.,  for  TCDD,  Dj  =  4.7  x  lO'^  cmVs;  for  2,4-D,  D;  =  6.2  x 
10'^  cmVs;  for  2,4,5-T,  Dj  =  5.91  x  10’^  cm^/s)^; 
e  =  porosity  of  soil  (i.e.,  approximately  0.35  for  the  calcium 

carbonate  soil  at  JI); 

Kgg  =  air/soil  partition  coefficient  (mg/cm^  airVCmg/g  soil)'*; 

Cgo  =  initial  compound  concentration  in  soil  (g/g);  and 

T  =  exposure  duration  (i.e.,  25  years  in  units  of  seconds®). 


where,  pg  =  soil  density  (i.e.,  approximately  1.76  g/cm®  for  the 
calcium  carbonate  soil  at  JI). 

To  convert  the  area  emission  rate  to  a  point  source  emission  rate  for  this 
modeling  analysis,  each  compound  emission  rate  was  divided  by  the  area  of  the  four 
plots  equal  to  1,600  ft^  (1.5  x  lO^cm^).  Receptors  were  placed  along  the  border,  or 
fenceline,  of  the  storage  area  at  intervals  of  20  feet  (104  receptors  total)  which 


^  Dj  values  for  2,4-0  and  2,4,5-T  were  obtained  from  R.  Coutant,  Batelle  Memorial  Institute 
Columbus,  based  on  formulas  cited  in  Fuller,  Schettler,  and  Giddings.  1966.  Title.  Ind.  Eng.  Chem. 
58:19,  and  A.  Bondi.  1968.  Physical  properties  of  molecular  crystals,  liquids,  and  glasses.  Wiley  and 
Sons.  New  York. 

^  K,,  =  41  H,  /  K^.  For  TCDD  H,  =  5.00  x  KT®,  K,  =  3.65  x  lO®.  For  2,4-D.  H,  =  1.02  x  lO"®.  K,j  = 
1.66  X  10’.  For  2,4,5-T,  =  8.68  x  lO’”.  Kj  =  1.22  x  lO'. 

®It  was  assumed  that  the  HO  site  would  exist  for  no  longer  than  twenty-five  years  before 
remediation  is  conducted;  thus,  the  longest  potential  exposure  duration  would  be  twenty-five  years. 
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correspond  to  the  original  study  area  sampling  grid.  These  receptors  enclosed  the 
entire  perimeter  of  the  storage  area. 

The  ISC  model  was  used  to  calcidate  a  1-  and  8-hour  average  ambient  air 
concentration  (g/m^)  at  each  receptor  for  each  wind  direction.  In  order  to  convert  this 
value  to  an  annual  average  concentration,  each  model-predicted  concentration  was 
multiplied  by  a  conversion  factor  of 9.925  (EPA,  1990).  It  should  be  noted  that  there 
is  an  unknown  meastire  of  uncertainty  associated  with  this  factor,  as  applied  in  this 
analysis,  because  it  was  developed  using  data  for  elevated  point  source  releases. 

Tables  B-1  through  B-9  (see  Appendix  B)  present  results  of  the  atmospheric 
dispersion  modeling,  i.e.,  g  of  vapor-phase  compound  (TCDD,  2,4-D,  and  2,4,5,-T)  per 
m^  of  ambient  air  at  the  fenceline  receptor  sites.  The  receptor  sites  are  presented  as 
x,y  coordinates  which  have  their  origin  (i.e.,  x  =  0  and  y  =  0)  at  the  lower,  southv/est 
comer  of  the  HO  site  (Figure  2.1)  and  proceed  clockwise  around  the  fenceline  of  the 
entire  site.  Air  concentrations  were  estimated  as  l-hr  and  8-hr  averages,  as  well  as 
annual  averages. 

Given  the  fenceline  receptor  concentrations,  the  next  step  involved 
determination  of  the  plausible  "zone  of  impact"  or  zone  where  potential  human 
inhalation  exposure  might  occiir.  As  discussed  in  Section  3.1.4,  human  activities  near 
the  HO  site  are  assumed  to  be  almost  entirely  confined  to  short  durations 
(approximately  1  hour)  at  locations  south  and  west  of  the  HO  site.  Cross-referencing 
these  locations  with  a  wind  rose  for  JI  (Figure  2.1),  reveals  that,  on  an  annual  basis, 
the  prevailing  frequency  of  winds  (i.e.,  greater  than  95  percent)  are  from  the  40  to 
110  degree  wind  direction  sector,  therefore,  it  is  plausible  that  inhalation  exposure 
may  occur  for  individuals  working  at  downwind  locations  (e.g.,  bum  pit,  fire  training 
area).  Thus,  to  estimate  reasonable  maximum  exposure  (EPA  1989b),  the  maximum 
l-hr  average  concentration  occurring  adong  the  prevailing,  downwind  side  of  the  HO 
site's  fenceline  (i.e.,  the  north,  south,  and  west  sides)  was  selected.  This  ambient  air 
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concentration  was  considered  to  represent  the  reasonable  maximiim  ambient  air 
concentration  which  an  individual  may  breath  while  in  the  zone  of  impact. 


TABLE  3.2 

Maximum  l-hour  average  vapor-phase  concentrations  (mg/m^) 
of  TCDD,  2,4-D,  and  2,4,5-T  estimated  to  occur  for  the 
TMEI  and  AMEI  at  the  perimeter  of  the  HO  site. 


Chemical 

TMEI 

AMEI  1 

TCDD 

1.01  X  10-® 

1.01  X  10-®  j 

2,4-D 

1.81  X  10-^ 

6.79  X  10'^  1 

2,4,5-T 

2.00  X  10-^ 

1.27  X  10^  1 

Table  3.2  presents  the  selected  maximum  1-hr  average  ambient  air 
concentrations  (mg/m^)  of  vapor-phase  TCDD,  2,4-D,  and  2,4,5-T  estimated  to  occur 
for  TMEI  and  the  AIVIEI  at  the  fenceline  of  the  site  and  in  the  zone  of  impact.  These 
ambient  air  concentrations  were  than  used  in  the  following  equation  to  estimate  the 
daily  absorbed  dose  (EPA  1988b,  1989b,  1989c): 


AbsorbedDose  (mgikg-day) 


CA  X  IRx  ETxEF  X  ED  x  ABS 
BW  X  AT 


(3-3) 


where. 

CA  = 

contaminant  ambient  air  concentration  (mg/m^); 

II 

inhalation  rate  (i.e.,  2.1  m^/Iiour  for  an  average  adult  engaged  in 
a  moderate  activity  level); 

ET  ^ 

exposure  time  (i.e.,  1  hour.-'day  for  persons  engaged  in  activities 

in  the  zone  of  impact); 

EF  = 
ED  = 
ABS  = 
BW  = 
AT  = 


exposxire  frequency  (i.e.,  250  days/year); 

exposure  duration  [i.e.,  0.68  years  (250  days/365  days)]; 

absorption  fraction  (0.75,  EPA,  1988b); 

body  weight  (i.e.,  70  kg  for  an  average  adult);  and 

averaging  time  [i.e.,  250  days  for  noncardnogenic  effects;  25,550 

days  (365  days/year  x  70  years)  for  carcinogenic  effects]. 


Table  3.3  presents  the  estimated  lifetime  average  daily  absorbed  dose  for 
TCDD,  and  average  daily  dose  for  TCDD,  2,4-D,  and  2,4,5-T  resulting  from  vapor- 
phase  inhalation  exposure. 


TABLE  3.3 

Estimated  lifetime  average  daily  absorbed  dose  (LADD) 
and  average  daily  absorbed  doses  (ADD)  expressed  as  mg/kg/day 
for  TCDD,  2,4-D,  and  2,4,5-T  res^ting  from 
vapor-phase  inhalation  exposure  to  the  TMEI  and  the  AMEI. 


Chemical 

TMEI 

AMEI 

LADD 

ADD 

LADD 

ADD 

TCDD 

5.6  X  10'^^ 

2.3  X  10'^° 

5.6  X  10'“ 

2.3  X  10'^^ 

2,4-D 

4.1  X  10'® 

1.5  X  10-® 

lESSSH 

4.5  X  10'® 

2.9  X  10'® 

3.3.3  Inhalation  of  Contaminated  Soil 


Inhalation  of  contaminated  airborne  particles  emitted  from  the  HO  site 
represents  a  plausible  exposure  pathway  resulting  from  potent'  ’  future  uses  as 
discussed  in  Section  3.2.3.  Although  data  collected  by  Helsel  et  al.  (1987)  suggested 
that  virtually  no  particle-associated  TCDD  exposiire  (via  inhalation)  was  occurring 


as  the  resiilt  of  airborne  particrulate  originating  from  the  madisturbed  site, 
disturbances  to  the  site  may  result  in  dispersion  of  contaminated  soil  particles  and 
thus,  present  the  potential  for  inhalation  exposure  to  downwind  receptors.  The 
following  Sections  (3.3.3. 1  through  3.3.3.3)  present  the  methods  for  estimating 
potential  particle-associated  inhalation  exposures  resulting  from  persons  being 
engaged  in  activities  in  the  zone  of  impact  during  two  distinct  future-use  activities 
at  the  HO  site:  (1)  excavation  of  contaminated  soil;  and  (2)  construction  of  a  cement 
cover  over  the  existing  site.  To  estimate  the  compound  concentration  in  soil  which 
is  disturbed  during  site  activities  associated  with  these  figure-use  scenarios,  first,  the 
median  value  of  the  subsurface  concentrations  for  each  verticle  profile  (see  Section 
2.0)  was  calculated,  and  then  the  grand  median  of  these  median  values  was 
calculated.  Thus,  the  grand  median  values  for  TCDD,  2,4-D,  and  2,4,5-T  were  0.42, 
25.8,  and  93  ppb,  respectively. 

3.3.3. 1  Wind  Erosion 


Wind  erosion  was  evaluated  with  respect  to  its  contribution  to  airborne 
particulates  emitted  from  the  site  as  the  resiilt  of  disturbances  to  contaminated  soil 
during  either  excavation  or  construction  of  a  cement  cover.  The  flux  of  dust  particles 
less  than  10  gni  in  diameter  from  surfaces  with  an  "unlimited  reservoir"®  of  erodible 
particles  can  be  estimated  as  follows  (Cowherd  et  al.  1985;  EPA,  1988b): 


E  =  0.036  (I-P) 


Fix) 


(3-4) 


where, 

E  =  total  dust  flux  of  <10  gm  diameter  particles  (g/m^/hr); 


®  Soil  surface.s  that  are  exposed  to  the  wind,  uncrusted,  and  which  consist  oFfinely  divided  particles 
(E?.^  19S8b). 
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fraction  of  vegetation  (i.e.,  assumed  to  be  0.20  on  the  HO  site  at 

JI); 

Un,  =  mean  annual  wind  speed  (i.e.,  6.75  m/s  at  JI); 

=  threshold  wind  speed  (i.e.,  assumed  to  be  8.2  m/s,  see  EPA  1988c); 
and 

F(x)  =  model  function  (i.e.,  1.5,  based  on  a  comparison  of  (U/Un,)0.886 
versus  F(x)  as  presented  in  Cowherd  et  ai,  1985). 


Then,  the  total  dust  flux  (E),  is  converted  to  an  emission  rate  using  the 
followring  relationship  (Cowherd  et  al.  1985): 


<?  =  (c;  (JE)  04) 


(1  hr) 

(3,600  seconds) 


(3-5) 


where, 

Q  =  compoimd  emission  rate  (ng/second); 

Cg  =  compound  concentration  in  soil  (ng/g);  and 

A  =  siirface  area  of  the  site  disturbed  per  day  (i.e.,  86  mVday  dtiring 

excavation  and  173  m^/day  during  cement  cover  construction). 

Thus,  the  particle-associated  compovind  emission  rate  estimates  (g/hr)  for  wind 
erosion  from  either  excavation  or  construction  of  cement  cover  were  calculated  as 
follows: 
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3.3.3.2 


Vehicular  Traffic 


The  emissions  of  soil-associated  TCDD,  2,4-D,  and  2,4,5-T  which  may  result 
from  vehicular  traffic  on  the  HO  site  for  either  future  use  scenario  (i.e.,  excavation 
or  cement  cover  construction)  can  be  estimated  from  an  emission  factor.  The 
derivation  of  this  factor  is  contained  in  EPA  (1985,  1988b),  and  takes  the  form  of: 


(|)  i^r  (365-^) 


where,  Ey 
k 
s 
S 
W 


w 


P 


Emission  factor  (kg/vehicle  kilometer  traveled); 

Particle  size  multiplier  (i.e.,  0.36  to  0.45,  EPA,  1983); 

Silt  content  of  road  surface  material  (i.e.,  0.2,  EPA,  1988b); 
Mean  vehicle  speed  (i.e.,  8  km/hr); 

Mean  vehicle  weight  (i.e.,  approximately  45  Mg  for  front- 
end  loader  and  dvunp  truck  used  during  excavation  and  35 
Mg  for  loaded  cement  truck  used  during  construction  of 
cement  cover); 

Mean  nximber  of  wheels  (i.e.,  20  during  excavation  using  at 
least  two  vehicles,  and  10  during  cement  covering  using 
one  vehicle);  and 

Number  of  days  with  at  least  0.254  mm  (0.01  in)  of 
precipitation  per  year  (i.e.,  162  at  JI). 


This  emission  factor  is  provided  in  xinits  of  kg  particulate  emitted  per  vehicle 
kilometer  traveled  (kgAT^T).  The  particle  size  multiplier  (k)  varies  with  aerodynamic 
particle  size  range.  Of  particular  interest  is  the  respirable  particle  size  range, 
because  particles  in  this  range  may  be  inhaled  and  retained  in  the  respiratory  tract 
allowing  for  possible  desorption  from  the  surface  of  the  particles  and  subsequent 
absorption  through  the  capillaries  (Paustenbach  et  al,  1986).  For  unpaved  surfaces, 
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U.S.  EPA  (1983)  has  estimated  k  to  be  0.45  for  aerodynamic  particle  diameters  less 
than  10  pm;  whereas,  for  soil  loading  and  unloading  operations  and  maintenance  of 
outdoor  storage  piles,  k  is  estimated  to  be  0.36  for  aerodynamic  particle  diameters 
less  than  10  pm. 

Thus,  the  compound  emission  rate  estimates  (g/hr)  associated  vdth  particle 
emissions  from  vehicular  trafEc  involved  in  excavation  or  construction  of  cement 
cover  were  calculated  as  follows: 


Chemical 

Emission  Rate  (g/hr) 

Excavation 

Cement  Cover 

TCDD 

8.0  X  10'® 

6.0  X  10-® 

2,4-D 

4.9  X  10*'^ 

3.6  X  lO-'^ 

1.8  X  10*^ 

1.3  X  10'® 

3.3.3.3  Loading  and  Unloading  Operations 

The  emission  of  particle-associated  TCDD,  2,4-D,  and  2,4,5-T  diuing  excavation 
activities  (e.g.,  loading  and  imloading  of  contaminated  soil)  can  be  estimated  from  an 
emission  factor  described  in  Cowherd  et  al.  (1985)  and  EPA  (1988b): 


£  =  Jt  (0.0018)  [ 


(-)  (-)  (-) 
5  5  5 

2  6 


] 


(3-7) 


where, 

E  =  Emission  factor  (lb  emission  per  ton  of  soil  moved); 

k  =  Particle  size  multiplier  (i.e.,  0.36,  EPA  1988b); 
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8  =  Silt  content  (i.e.,  0.2,  EPA  1988b); 

U  =  Mean  wind  speed  (i.e.,  15.1  mph  at  JI); 

H  =  Drop  height  (i.e.,  12  ft); 

M  =  Soil  moisture  content  (i.e.,  0.09,  Crockett  et  al.,  1986);  and 

Y  =  Dumping  device  capacity  (i.e.,  4  yd^). 

The  particle-associated  emission  rate  values  were  estimated  as  follows: 


Chemical 

Emission  Rate  (g/hr) 

Excavation 

TCDD 

5.6  X  10-® 

2,4-D 

3.4  X  10‘® 

2,4,5-T 

1.2  X  10'® 

3. 3. 3.4  Estimated  Emission  Rates  of  Compounds  Associated  with  Soil 

During  Excavation  or  Construction  of  a  Cement  Cover  and 
Estimated  Inhalation  Exposure  and  Absorbed  Doses  for  Exposed 
Indi''nduals 


The  estimated  emission  rates  of  particle-associated  TCDD,  2,4-D,  and  2,4,5-T 
for  wind  erosion  and  vehicular  traffic  associated  with  excavation  and  cement  cover 
construction,  and  loading  and  unloading  operations  associated  with  excavation,  were 
summed  to  provide  an  estimate  of  the  total  emission  expected  per  hour,  which  results 
from  these  activities.  Thus,  during  construction  of  the  cement  cover,  it  was  assumed 
that  both  wind  erosion  and  vehicular  traffic  would  contribute  to  particle-associated 
compound  emissions;  therefore,  their  respective  compound-specific  emission  rates 
were  summed.  Loading  and  unloading  operations  were  not  considered  to  be 
necessary  for  construction  of  the  cement  cover.  However,  for  the  excavation  scenario, 
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compoxind-spedfic  emission  rates  associated  with  particle  emissions  due  to  wind 
erosion,  vehicular  traffic  and  loading  and  unloading  operations  were  summed. 

The  total  emission  rates  for  both  excavation  and  construction  of  a  cement  cover 
were  then  used  as  input  rates  for  the  atmospheric  dispersion  model  described  in 
Section  3.3.2.  Tlie  emissions  of  the  particle-associated  compounds  were  assumed  to 
originate  from  the  center  of  the  soil  sampling  grid  for  purposes  of  dispersion 
modeling.  The  modeling  provided  estimates  of  1-hr  emd  8-hr  concentrations  (g/m^) 
of  the  particle-associated  compounds  across  the  same  receptor  perimeter  as  described 
above  (Section  3.3.2)  for  the  vapor-phase  ambient  air  concentrations  estimates. 

The  duration  of  exposure  was  assumed  to  be  243  days  (0.67  years)  for 
excavation  and  120  days  (0.33  years)  for  construction  of  a  cement  cover.  Tables  B-10 
through  B-15  and  B-16  through  B-20  (see  Appendix  B)  present  the  estimated  particle- 
associated  ambient  air  concentrations  (g/m^)  of  TCDD,  2,4-D,  and  2,4,5-T  resulting 
from  excavation  and  cement  cover  construction,  respectively. 

Absorbed  inhalation  doses  were  then  calculated  for  both  the  TMEI  and  AMEI 
using  equation  3  described  above.  The  pulmonary  absjrption  of  the  partide- 
assodated  compounds  was  assumed  to  be  3.0  percent  for  all  three  compounds; 
whereas,  vapor-phase  pulmonary  absorption  was  assiimed  to  be  75  percent  for  all 
three  compounds  (EPA,  1988b).  In  addition  to  particle-assodated  compound 
inhalation,  it  was  assumed  that  vapor-phase  inhalation  could  also  occur 
simultaneously;  thus,  the  vapor-phase  absorbed  doses  estimated  in  Section  3.3.2  (see 
Table  3.2)  were  summed  with  the  particle-assodated  absorbed  doses  to  yield  a  total 
absorbed  dose  for  both  the  excavation  and  cement  cover  construction  scenarios. 
These  total  absorbed  dose  estimates  are  provided  in  Table  3.4.  It  is  important  to  note 
that  the  TMEI  and  AMEI  were  selected  based  on  the  highest  possible  concentration 
resulting  from  the  sum  of  both  the  vapor-phase  concentration  and  the  partide- 
assodated  concentration  for  each  receptor  location. 
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TABLE  3.4 

Estimated  Lifetime  Average  Daily  Dose  (LADD)  oiid 
Average  Daily  Dose  (ADD)  expressed  as  mg/kg/cay  for 
TCDD,  2,4-D,  and  2,4.5-T  resulting  from  vapor-phase 
and  particle-associated  inhalation  exposure  to 
the  TAIEI  and  the  AMEI  during  excavation  and 
construction  of  a  cement  cover. 


EXCAVATION 


Chemical 

TMEI 

AMEI 

LADD 

ADD 

LADD 

ADD 

TCDD 

1.5  X  10'^2 

1.6  X  10'^° 

1.5  X  10-^2 

1.6  X  10'^° 

2,4-D 

.... 

2.7  X  10'^ 

— 

1.2  X  10'® 

.... 

3.0  X  10'® 

— 

1.9  X  10-® 

CEMENT  COVER  CONSTRUCTION 


Chemical 

TMEI 

AMEI 

LADD 

ADD 

LADD 

ADD 

TCDD 

3.5  X  10-^2 

7.5  X  10'" 

3.5  X  10'^® 

7.5  X  10'^^ 

2,4-D 

.... 

1.3  X  10'® 

— 

5.0  X  10-’ 

2,4, 5-T 

.... 

1.5  X  10'® 

— 

9.4  X  lO'"^ 

3.3.4  Ingestion  of  Contaminated  Fish 

A  review  of  Table  2.1  shows  that  there  is  TCDD  fish  contamination  in  certain 
areas.  The  contamination  appears  to  be  restricted  to  the  area  adjacent  to  the  former 
HO  storage  site,  which  is  off-limits  to  fishing.  Walsh  III  (1984)  states  that  many 
coral  reef  fishes  are  strongly  site-attached,  and  therefore  move  about  only  in 
relatively  small  areas.  However,  he  points  out  that  other  coral  reef  fish  can  undergo 
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extensive  daily  movements.  These  large  movements  are  usually  restricted  to  adults. 
Randall  (1961)  studied  the  Convict  Tang  and  noted  that  adults  could  move  up  to  300 
ysrds  in  several  hours.  Walsh  studied  these  movements  in  several  Hawaiian  fish 
species  that  are  also  present  on  JA.  Table  2.1  indicates  that  these  authors  have 
identified  the  following  species  of  fish  as  potentially  having  large  daily  movements: 

Achilles  Tang 
Bluelined  Surgeonfish 
Bullethead  Parrotfish 
Convict  Tang 
Goldring  Surgeonfish 
Parrotfish 

Spectacled  Parrotfish 
Threadfin  Butterflyfish 

Some  of  these  fish  species  have  been  found  to  have  TCDD  contamination.  If  they 
migrate  into  the  fishing  areas  near  the  former  HO  storage  site,  (Zones  5  and  10, 
Figure  3.1),  then  there  is  a  potential  for  JI  inhabitants  to  consume  contaminated  fish. 
For  the  fish  that  showed  positive  TCDD  values,  the  migratory  fish  species  had  the 
lowest  values.  These  values  may  be  low  because  these  fish  may  not  spend  all  of  their 
time  in  the  contaminated  area.  It  is  not  possible  to  quantify  this  potential  exposxire 
because  the  fishermen’s  catches  have  not  been  sampled.  The  potential  for  exposure 
may  be  low,  but  sampling  of  the  fishermen’s  catches  should  be  performed  to  confirm 
this.  Sampling  at  the  west  wharf  has  revealed  no  contaminated  fish,  and  this  may 
be  an  indication  of  the  low  probability  of  catching  a  contaminated  fish. 

3.4  Uncertainties  Associated  with  the  Assessment  of  Exposure 

There  are  many  input  values  that  must  be  selected  along  the  path  to 
developing  a  quantitative  estimate  of  potential  exposure.  They  involve  making 
assumptions  about  the  chemicals,  the  environment  in  which  they  are  located,  and  the 
potential  for  human  contact  with  them.  In  addition,  input  values,  whether  selected 
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by  assumption  or  by  existing  empirical  e\ndence,  are  all  associated  with  some 
individual  variability  to  a  lesser  or  greater  degree.  In  the  aggregate,  the  use  of 
assumptions  and  the  variability  underlying  input  values  both  create  an  element  of 
uncertainty  that  is  important  to  keep  in  mind  when  considering  quantitative 
estimates  of  exposure  and  risk.  Where  the  unceitainties  are  large,  bounding  them 
with  statistical  measures  and  sensitivity  analyses  can  place  quantitative  limits  on 
their  range.  This  procedure  was  considered  to  be  beyond  the  scope  of  this 
investigation  because  the  risk  assessment  is  screening-level  and  missing  a  lot  of 
needed  information.  Instead,  a  qualitative  description  of  the  imcertainties  is 
presented  below. 

Future  use  scenarios  for  HO  site.  The  two  future  use  scenarios  were  chosen  to 
represent  situations  where  site  disruption  was  either  minimal  (concrete  cover  without 
remediation)  or  maximal  (excavatioii  of  contaminated  soil).  As  such,  these  are 
hypothetical  scenarios  that  may  not  necessarily  reflect  the  actual  future  use.  This 
in  itself  creates  an  elements  of  uncertainty  about  the  true  risks  at  the  site.  Further, 
it  is  expected  that  paving  this  site  would  not  occur  without  some  form  of  prior 
treatment  to  stabilize  the  contaminated  soil. 

Assumptions  in  calculating  exposure  to  chemicals  at  the  HO  site.  There  sire  two 
classes  of  assumptions  that  were  necessary"  to  have  made  in  the  estimation  of 
exposure:  those  associated  with  human  receptors  and  those  assodated  wdth  the 
calculation  of  emission  factors.  The  human  receptor  assumptions  include  use  of  the 
TMEI  or  AAIEI  (the  AMEI  is  more  realistic),  body  weight,  inhalation  rate,  and 
pulmonary  deposition  rate.  It  is  important  to  recognize  that  under  tjpical  conditions, 
EPA  recommends  calculation  of  risk  for  the  TMEI.  However,  at  the  HO  site, 
locations  that  would  normally  produce  a  TMEI  are  inaccessible,  making  the  Ai^.^EI  a 
more  viable  alternative  for  prediction  of  exposure  and  risk.  The  emission  factor 
assumptions  associated  with  the  excavation  and  pawng  scenarios  include  construction 
vehicle  weight,  number  of  wheels,  duration  of  excavation  scenario,  duration  of  cement 
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covering  scenario,  physical  parameters  of  soil  (moisture  content,  density,  pH,  carbon 
content),  threshold  wind  velocity,  diffusion  coefBcients  (computer  estimates)  and  air- 
soil  partition  coefEcients,  concentrations  of  chemicals  in  soil  (missing  values,  invalid 
values,  unknown  spatial  distribution  of  2,4-D  and  2,4,5-T  on  surface  and  in  vertical 
profiles),  and  QA  issues.  The  first  three  are  assximed  to  be  of  low  variability;  the  rest 
are  assumed  to  be  of  higher  variability.  In  addition,  the  levels  of  particle-association 
inhalation  exposure  prior  to  the  soil  sampling  study  conducted  by  Crockett  et  al. 
(1986)  are  unknown.  During  this  period,  i.e.,  1972  to  1986  (the  period  when  Agent 
Orange  storage  began  until  the  first  soil  sampling  study  was  conducted)  it  was 
assumed  that  the  average  inhalation  exposure  levels  estimated  to  occur  over  the 
lifetime  exposure  period  (i.e.,  25  years),  which  were  based  on  the  1986  soil  sampling 
study  (Crockett  et  al.  1986),  were  representative  of  inhalation  exposures  levels 
occurring  prior  to  1986. 

In  addition,  there  are  several  variables  unaccounted  for  in  this  analysis.  These 
include: 

•  Transience  of  the  potentially  exposed  population  (transience  implies  that 
duration  is  variable); 

•  Differences  in  expos’u-e  between  males  and  females; 

•  Other  chemicals  of  concern  at  the  site  (e.g.,  other  isomers  of  dioxin); 

•  Other  chemicals  on  the  Island  (e.g.,  solvents,  radiation,  combustion 
products); 
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Prior  or  concurrent  occupational  or  enrironmental  exposures  to  TCDD, 
2,4-D,  or  2,4,5-T,  or  other  substances  afTecting  the  same  target  organs 
from  the  HO  site  or  other  sources: 


Dedrumming  operation 
Smoking 

Fire  training  area 
JACADS  stack  plumes 
Fish  consumption 
Launch  area 


TCDD,  2,4-D,  2,4,5-T 
PIC  (especially  PAHs)^ 

TCDD  and  other  PIC 
TCDD,  TCDFs®,  and  other  PIC 
Potential  TCDD  contamination 
Plutonium  and  progeny 


and  other  occupational  hazards  on  JI  involving  in  particular  solvents  or 
metals; 

•  Atmospheric  transformation  and  soil  phctodegradation  of  TCDD,  2,4-D, 
and  2,4,5-T; 

•  Confounding  exposure  presented  by  accidental  release  of  CW  from 
JACADS;  and 

•  Groundwater  contamination  and  its  relation  to  exposure  of  marine  biota. 


Uncertainty  in  dispersion  modeling.  The  uncertainty  in  model  predictions  is 
a  function  of  (1)  "inherent"  uncertainty;  (2)  uncertainties  in  model  input  variables; 
and  (3)  model  physics  errors.  The  inherent  uncertainty  arises  from  the  random 
nature  of  the  turbulent  flow  in  which  the  plume  is  embedded  (i.e.,  its  variation  from 


PIC  =  Products  of  incomplete  combustion;  for  example,  polynuclear  aromatic 
hydrocarbons  (PAHs). 

®  TCDFs  =  Tetrachlorinated  dibenzo  furans. 
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one  realization  (i.e.,  observation)  to  the  next)  and  the  finite  averaging  time  of  the 
concentrations.  Almost  without  exception,  existing  air  quality  models  predict  the 
ensemble-averaged  concentration  field  (i.e.,  the  mean  concentration  at  any  location 
over  a  large  number  of  realizations  of  the  same  experiment).  Overall,  based  on 
comparisons  of  model  predictions  to  observations,  the  deviation  between  the  predicted 
ensemble-average  and  an  individual  realization  is  large  (i.e.,  of  the  order  of  the 
prediction). 

For  the  horizontal  scale  of  distance  for  this  application,  the  principal  cause  of 
inherent  xmcertainty  is  three-dimensional  boimdary  layer  turbulence.  This  category 
of  ttirbulence  arises  in  ideal,  homogeneous  terrain  and  is  caused  by  the  stochastic 
nature  of  turbulence  in  the  boundary  layer;  it  is  dominant  over  distances  of  less  than 
approximately  20  km. 

Model  input  variables  that  introduce  uncertainty  to  the  concentration  estimate 
include  (but  may  not  be  limited  to)  wind  speed,  wind  direction,  temperature,  and 
emission  rate.  For  this  analysis,  conservative  meteorological  parameters  (in  terms 
of  plume  dispersion)  were  used  in  the  modeling;  therefore,  in  terms  of  a  peak 
model-predicted  impact,  the  uncertainty  introduced  by  the  prescribed  meteorological 
data  shoxild  be  small  compared  to  the  xmcertainty  introduced  by  the  estimate  of 
emissions  for  the  emission  area.  The  uncertainty  in  the  emission  estimates  may  be 
on  the  order  of  several  magnitudes.  Because  the  model-predicted  impact  is  directly 
proportional  to  the  emission  rate,  the  uncertainty  in  the  impacts  may  also  be  on  the 
order  of  several  magnitudes.  Uncertainty  contributed  by  errors  in  the  representation 
of  atmospheric  physical  processes  in  the  model  may  also  be  large;  however, 
quantification  of  this  uncertainty  for  a  particular  model  is  a  complicated  process. 
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4.0  Toxicity  Assessment 


This  section  provides  a  review  of  the  toxicological  properties  of  TCDD,  2,4-D, 
and  2,4,5-T.  These  chemicals,  which  are  present  at  the  HO  site,  have  been  identified 
in  Section  2.0  as  having  the  potential  for  exposure  in  humans.  The  toxicity 
assessment  of  these  chemicals  examines  the  weight-of-evidenc«  available  regarding 
their  ability  to  cause  adverse  health  effects  in  exposed  individuals.  This  evaluation 
also  includes  an  estimation  of  the  relationship  between  the  extent  of  exposure  to 
these  compounds  and  the  likelihood  and  severity  of  adverse  effects. 

4.1  Toxicological  Profile  for  2,3,7,8-Tetrachlorodibenzo-p-dioxin  (TCDD) 

4.1.1  Chemical  Characteristics 

2,3,7, 8-Tetrachlorodibenzo-p-dioxin  (TCDD)  is  one  of  75  compounds  that  are 
referred  to  as  dioxins.  TCDD  is  a  man-made  chemical  with  no  known  natural 
sources.  It  is  not  intentionally  manufactured  except  for  research  purposes.  Tins 
chemical  is  produced  as  a  byproduct  in  the  manufacture  and/or  use  of  herbicides 
containing  2,4,5-trichlorophenoxy  acids;  2,4,5-trichlorophenoI  in  wood  preservatives; 
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hexachlorophene  in  germicides;  and  pulp  and  paper  plants.  TCDD  can  also  be 
produced  during  incineration  of  municipal  or  certain  industrial  wastes; 
transformer/capacitor  fires  involving  chlorinated  benzenes  and  biphenyls;  and  the 
burning  of  wood  in  the  presence  of  chlorine.  A  summary  of  the  physical-chemical 
properties  of  TCDD  can  be  found  in  Table  3.1.  Much  of  the  toxicological  information 
in  this  review  was  extracted  from  three  key  documents,  definitive  reviews  in  their 
own  rights:  ATSDR  (1989),  lARC  (1977),  and  lARC  (1986).  Primary  citations 
acknowledged  in  these  documents  were  also  used  as  citations  in  this  review. 

4.1.2  Pharmacokinetics 

4.1.2.1  Absorption 

There  are  no  data  on  the  absorption  of  TCDD  via  inhalation.  For  oral  and 
dermal  absorption,  the  vehicle  used  to  administer  the  compound  has  a  great  influence 
on  its  absorption.  Lipophilic  vehicles  enhance  the  absorption  of  this  chemical,  while 
soil,  fly  ash,  and  activated  carbon  greatly  reduce  its  bioavailability.  One  human 
study  (Poiger  and  Schlatter,  1986),  showed  that  >87%  of  the  dose  was  absorbed  after 
ingestion  of  the  compound  in  a  com  oil  vehicle.  Animal  studies  have  shown  a  50  to 
80%  absorption  in  a  lipophilic  vehicle  when  given  by  gavage  (Nolan  et  al.,  1979;  Olson 
et  al.,  1980;  Piper  et  al.,  1973),  and  a  50  to  60%  absorption  when  administered  in  the 
diet  (Fries  and  Marrow,  1975).  McConnell  et  al.  (1984)  and  Lucier  et  al.  (1986), 
investigated  the  difference  in  TCDD  gastric  absorption  when  two  different  vehicles 
were  used,  com  oil  and  soil.  The  soil  vehicle  was  discovered  to  reduce  the 
bioavailability  of  TCDD  by  50%.  Paustenbach  et  al.  (1986)  re^dewed  several  papers 
on  the  oral  bioavailability  of  TCDD  from  soil.  The  reviewed  papers  reported 
bioavailabilities  ranging  from  0.5%  to  85%.  The  authors  stated  that  several  factors 
could  influence  the  oral  bioavailability  of  TCDD  from  soil,  these  include;  bolus  size 
of  dose;  method  for  calculating  bioavailability;  and  organic  content  of  the  soil.  These 
authors  concluded  that  the  upper  estimate  for  the  oral  bioavailability  of  TCDD  in  soil 
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woiild  be  30%.  Dermal  absorption  of  TCDD  is  also  greatly  influenced  by  the  dosing 
vehicle.  When  applied  on  rat  skin  with  methanol  (Poiger  and  Schlatter,  1980),  TCDD 
was  40%  absorbed,  whereas  with  an  acetone-carbon  disulfide  mixture  it  was  77% 
absorbed  (Driver  et  ah,  1990).  When  bound  to  soil.  Driver  et  al.  (1990)  showed  that 
TCDD  after  24  hours  was  less  than  1%  absorbed. 

4. 1.2.2  Distribution 

There  are  no  data  on  the  distribution  of  TCDD  following  inhalation.  In  a 
human  study  Poiger  and  Schlatter  (1986)  discovered  that  approximately  90%  of  the 
absorbed  dose  was  sequestered  in  the  fat  after  an  oral  dose  of  TCDD  in  com  oil.  Rats 
and  mice  preferentially  sequestered  TCDD  in  the  liver  and  then  adipose,  whereas  in 
guinea  pigs  this  trend  was  reversed  this  (EPA,  1985).  In  studies  with  mice, 
Gasiewicz  et  al.  (1983a, b)  and  Bimbaum  et  al.  (1986),  demonstrated  that  inducible 
mouse  strains  sequestered  more  TCDD  in  their  livers  than  non-inducible  strains. 
Weber  and  Bimbaum  (1985)  and  Krowke  (1986),  demonstrated  that  TCDD  crosses 
the  mouse  placenta  and  75%  of  the  total  fetal  body  burden  is  located  in  the  liver. 
Nau  et  al.  (1986),  further  revealed  that  the  mouse  pup  was  also  exposed  via  the 
mother’s  milk. 

4. 1.2.3  Metabolism 

The  only  metabolic  data  available  are  either  from  in  vitro  studies  or  oral 
animal  studies.  Poiger  et  al.  (1982)  analyzed  the  bile  of  dogs  to  determine  the 
possible  metabolites  of  TCDD.  They  found  five  phenolic  compounds:  1,3, 7,8- 
tetrachloro-2-methoxydibenzo-p-dioxin;  2,7,8-trichloro-3-methoxydibenzo-p-dioxin: 
trichloro-dimethoxydibenzo-p-dioxins;  tetrachloro-dimethoxy  diphenylether;  and  1,2- 
dichloro-4,5-dimetho:<ybenzene.  Isolated  rat  hepatocvdes  were  studied  by  Sawahata 
et  al.  (1982),  and  they  identified  l-hydroxy-2,3,7,8-tetra-chJorodibenzo-p-dioxin  and 
8-hydroxy-2,3,7-trichlorodibenzo-p-dioxin  as  the  metabolites  in  this  study.  Mason  and 
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Safe  (1988a, b)  demonstrated  that  these  metabolites  had  less  biological  activity  than 
TCDD.  Several  authors  have  studied  the  differences  in  TCDD  metabolism  between 
species  to  attempt  to  explain  the  wide  difference  in  species  sensitivity  to  TCDD 
(Olson  and  Wroblewski,  1985;  Poiger  and  Schlatter,  1985;  and  Wroblewski  and  Olson 
1985).  Pretreatment  with  TCDD  in  dogs  (in  vivo)  and  rats  (in  vitro)  resxilted  in  a 
greatly  increased  rate  of  metabolism  of  a  subsequent  dose,  100  and  320%  respectively, 
but  no  increase  was  noted  with  the  same  experiment  in  guinea  pigs.  These  results 
may  partly  explain  why  guinea  pigs  are  25  times  more  sensitive  than  rats  to  the 
effects  of  TCDD. 

4.1.2.4  Excretion 

Excretion  data  following  inhalation  or  dermal  exposrire  to  TCDD  are  not 
available.  Poiger  and  Schlatter  (1986),  investigated  the  elimination  of  TCDD  in  a 
human  volunteer.  They  discovered  that  11%  of  the  dose  was  eliminated  in  the  feces 
in  the  first  three  days,  but  during  days  7  through  125  only  3.5%  of  the  dose  was 
eliminated.  This  led  to  a  half-life  calculation  for  this  study  of  2,120  days.  In 
contrast,  laboratory  animals  have  a  much  shorter  half-life;  guinea  pigs,  22  to  30  days; 
rats,  17  to  31  days;  and  mice,  11  to  24  days.  Rats  and  guinea  pigs  eliminated  91  to 
99%  in  the  feces,  mice,  54  to  72%;  and  59%  was  eliminated  in  the  hamster  feces  (EPA 
1985). 

4.1.2  Noncancer  Toxicity 

The  noncancer  toxicity  of  TCDD  following  inhalation  exposure  is  not  available. 
The  summary  of  the  oral  R^D  values  can  be  found  in  Table  4.6.  This  compound  has 
shown  to  be  lethal  at  very  low  concentrations  in  all  laboratory  animals  tested,  but 
there  is  a  wide  range  of  LD50  values  between  species.  Oral  administration  of  TCDD 
in  lipophilic  solvents  has  resulted  in  the  following  LDjq  values:  0.6  to  2.1  ug/kg  in 
guinea  pigs  (Schwetz  et  al.,  1973),  20  to  60  ug/kg  in  rats,  100  to  600  ug/kg  in  mice, 
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and  1,000  to  5,000  ug/kg  in  hamsters  {EPA,  1985;  McConnell,  1985).  One  dermal 
study  by  Schwetz  et  al.  (1973),  with  TCDD  in  acetone  on  New  Zealand  white  rabbits 
produced  an  LDgg  of  142  to  531  ug/kg.  Death  in  all  of  the  above  experiments  was 
delayed,  and  was  not  observed  until  5  to  40  days  after  TCDD  administration. 

Toxicity  data  for  humans  are  difficult  to  interpret  because  no  one  has  been 
exposed  to  pure  TCDD.  Humans  have  been  exposed  to  TCDD  only  as  a  minor 
contaminant  in  mixtures  of  other  chlorinated  aromatics  or  phenohcs,  and  in  the  case 
of  pesticide  formulations  various  solvents  are  also  present.  It  is  not  always  known 
if  the  effects  seen  are  from  TCDD  or  from  the  other  chemicals  present,  or  a 
combination  of  the  chemicals  in  the  mixture.  Many  of  the  toxic  effects  described 
below  have  been  reported  in  humans,  but  no  confirmation  linking  these  effects  solely 
to  TCDD  can  be  made  because  of  the  confounding  factors,  including  adequate 
exposure  data,  involved  in  the  epidemiological  studies.  Therefore,  the  only  data 
available  on  pure  TCDD  exposure  are  in  laboratory  animals. 

TCDD  is  a  potent  inducer  of  chloracne  in  both  humans  and  animals.  Greig 
(1984)  and  Puhvel  et  al.  (1982),  produced  chloracne  lesions  in  hairless  mice  by  both 
oral  administration  and  dermal  application  respectively  of  TCDD.  A  threshold  dose 
is  not  available  since  both  investigations  used  only  one  dose  level.  Both  children  and 
adults  developed  chloracne  lesions  after  the  Seveso  accident,  with  a  greater 
prevalence  shovdng  in  children.  Tl-se  higher  frequency  in  children  may  have  due  to 
their  greater  activity  patterns  with  soil  (Suslund,  1985;  Taylor,  1979). 

In  laboratory  animals,  a  characteristic  effect  seen  with  both  acute  and  long 
term  studies,  and  usually  seen  with  lethal  doses,  is  the  wasting  syndrome.  Weight 
loss  and/or  severely  limited  weight  gain  can  begin  to  appear  within  24  hours  after 
TCDD  administration,  and  continues  until  death  15  to  30  days  after  exposure  (EPA, 
1985;  Peterson  et  al.,  1984).  Lu  et  al.  (1986)  showed  that  this  sjmdrorae  is  not 
entirely  caused  by  a  loss  of  appetite.  Guinea  pigs’  v/eights  when  fed  were  stable  until 
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a  few  days  before  death,  but  at  that  time  weight  loss  began  and  was  observed  until 
death.  This  study  did  show  that  most  of  the  observed  weight  loss  can  be  attributed 
to  appetite  loss,  but  not  all  of  it.  This  syndrome  has  not  been  reported  in  humans 
(ATSDR  1989). 

Rats  and  mice  are  sensitive  to  the  hepatic  effects  of  TCDD,  but  guinea  pigs  and 
monkeys  do  not  appear  to  be  quite  as  sensitive  (EPA,  1985).  Types  of  lesions  include 
necrosis,  proliferative  changes,  cellular  membrane  alterations,  bile  duct  proliferation, 
altered  lipid  metabolism,  and  excess  amounts  of  porphyrin.  Turner  and  Collins 
(1983),  noted  mild  changes  in  guinea  pig  livers  following  a  single  gavage  dose  ranging 
from  0.1  to  20  ug/kg.  Changes  included  hypertrophy,  steatosis,  focal  necrosis,  and 
hyalin-like  bodies.  A  LOAEL  of  0.001  ug/kg/day  for  liver  effects  in  rats  and  mice  was 
determined  by  EPA  (1985)  after  a  review  of  the  literature  (Kociba  et  al.,  1979;  NTP, 
1982b). 

Rats,  mice,  and  guinea  pigs  are  all  very  sensitive  to  the  immimotoxic  effects 
of  TCDD.  Reviews  by  EPA  (1985,  1988a)  and  Emutsen  (1984)  revealed  minimum 
effective  oral  doses  of  1  ug/kg/week  for  mice,  5  ug/kg/week  for  rats,  and 
0.04  ug/kg/week  for  guinea  pigs.  Strain  differences  in  mice  have  been  observed  to 
segregate  with  the  Ah  locus  response  (Dencker  et  al.,  1985).  C57B1/6  mouse  thymus 
cultures,  which  are  Ah-responsive,  proved  to  be  very  sensitive  to  the  immunotoxic 
effects  of  TCDD,  whereas  DBA/2J  mouse  thymus  cvdtures,  which  are  not  Ah 
responsive,  showed  no  effects.  Luster  et  al.  (1982)  demonstrated  tliat  Fischer  rat 
pups  and  B6C3F1  mice  pups  were  sensitive  to  the  immimotoxic  efiscts  of  TCDD 
following  in  utero  and  postnatal  lactation  exposure. 

The  teratogenic  effects  of  TCDD  have  been  extensively  studied,  and  rats  and 
mice  have  been  shown  to  be  sensitive  to  these  effects.  Cleft  palate  and  hydro- 
nephrotic  kidney  were  the  effects  seen  in  mice  after  an  oral  dose  of  only  1  pg/kg 
(Courtney,  1976;  Moore  et  al.,  1973;  Neubert  and  Dillmann,  1972;  Smith  et  al.,  1976). 
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Gavage  administration  of  0.125  to  0.25  pg/kg  to  rats  during  organogenesis  produced 
hemorrhage  of  internal  organs  and  subcutaneous  edema  (Sparschu  et  al.,  1971a, b; 
Khera  and  Ruddiok,  1973).  As  with  hepatic  effects,  the  teratogenic  effects  were  only 
seen  in  Ah-responsive  C57B1/6J  mice  (Poland  and  Glover,  1980;  Dencker  and  Pratt, 
1981). 

The  fetotoxicity  of  TCDD  has  been  seen  in  rats,  mice,  and  monkeys,  with  the 
monkey  being  the  most  sensitive  species.  In  studies  reviewed  by  EPA  (1985,  1988a), 
fetal  death  and  vaginal  bleeding  was  seen  at  oral  doses  between  2  and  9  ug/kg/day. 
Murray  et  al.  (1979),  conducted  a  three-generation  dietary  study  with  Sprague- 
Dawley  rats.  Doses  of  0.01  and  0.1  ug/kg/day  resulted  in  decreased  litter  size, 
decreased  fetal  survival,  and  decreased  neonatal  survival.  A  decrease  in  fertility  was 
observed  at  the  0.1  ug/kg/day  dose.  McNulty  (1934,  1985)  reported  a  high  incidence 
of  spontaneous  abortions  in  Rhesus  monkeys  at  total  oral  doses  of  0.2  and  1.0  pg/kg 
on  days  20  to  40  of  gestation.  IGiera  and  Ruddick  (1973)  reported  a  decrease  in  male 
Wistar  rat  reproductive  performance  after  oral  administration  of  TCDD. 

Several  epidemiological  studies  have  been  conducted  to  determine  if  there  is 
a  correlation  between  TCDD  exposure  and  birth  defects  (Aldred,  1978;  Bisanti  et  al., 
1980;  Bonaccorsi  et  al.,  1978;  Department  of  Healtli,  New  Zealand,  1980;  McQueen 
et  al.,  1977;  Nelson  et  al.,  1979;  Reggiani,  1980;  Smith  et  al.,  1982;  and  Thomas, 
1980).  All  of  theses  studies  failed  to  demonstrate  a  correlation  between  birth  defects 
and  possible  exposure  to  TCDD.  Erickson  et  al.  (1984)  conducted  a  case  control  study 
of  Vietnam  veterans  to  determine  if  the  offspring  of  these  men  had  an  increased  risk 
of  birth  defects.  This  study  showed  that  when  all  tj-pes  of  defects  were  combined 
there  v/as  not  an  increase  in  risk  to  birth  defects  among  Vietnam  veterans.  They  did 
find  an  increase  in  certain  t>T)es  of  defects  which  include  spina  bifida,  cleft  palate, 
and  certain  congenital  tumors.  The  authors  noted  that  these  increased  risks  may 
have  been  due  to  several  factors  including,  unmeasured  confounding  factors,  chance, 
or  some  other  experience  in  Vietnam.  The  increased  risks  were  low. 
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4.1.3  Carcinogenicity 

The  genotoxicity  data  for  this  compound  have  yielded  conflicting  results.  Many 
of  the  studies  have  given  negative  results,  while  the  positive  tests  showed  weak 
response.  The  results  of  these  studies  can  be  foxind  in  Tables  4.1  and  4.2.  The 
insolubility  and  high  tojcicity  of  TCDD  has  caused  problems  in  some  of  these  test 
systems.  More  testing  must  be  done  to  resolve  the  conflicting  data  obtained  so  far 
(ATSDR,  1989). 

As  with  noncancer  effects,  there  are  no  inhalation  carcinogenic  data  available. 
Several  studies  have  shown  that  TCDD  is  carcinogenic  by  oral  administration,  the 
key  studies  being  NTP  (1982b)  and  Kociba  et  al.  (1978a, b).  A  summary  of  the  results 
of  these  studies  can  be  fovmd  in  Tables  4.3  and  4.4.  In  contrast  to  the  oral  studies, 
dermal  studies  have  demonstrated  limited  or  conflicting  resiilts.  In  the  NTP  (1982a) 
study,  female  Swiss  mice  had  an  increase  incidence  of  fibrosarcomas  in  the 
integxunentary  system  (but  not  the  males).  Berry  et  al.  (1978)  and  Slaga  and  Nesnow 
(1985),  reported  no  promotion  or  weak  promoting  activity  in  CD-I  mice  and  Senear 
mice,  respectively,  when  TCDD  was  applied  to  the  skin.  On  the  other  hand,  Poland 
et  al.  (1982)  showed  promotion  in  CD-I  mice,  and  that  promotion  was  affected  by 
genetic  differences  in  the  mice.  These  inconsistencies  have  not  been  resolved  yet. 

Human  data  on  tlie  genotoxicity  and  carcinogenicity  of  TCDD  are  inconclusive 
because  of  the  previously  described  confounding  factors  involved  in  the 
epidemiological  studies.  There  appears  to  be  limited  evidence  that  there  may  be  an 
increased  risk  of  soft-tissue  sarcomas  and  lymphomas  firom  exposure  to  phenoxyacetic 
add  herbicides  and/or  chlorophenols  contaminated  with  TCDD  (EPA,  1985).  A  recent 
retrospective  cohort  study  (Fingerhut  et  al.,  1991)  found  an  increased  risk  of  soft- 
tissue  sarcomas  in  v/orkers  exposed  for  over  one  year  to  chemicals  contaminated  with 
TCDD,  with  a  latency  period  of  over  20  years.  Limitations  of  this  study  were  the 
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TABLE  4.1  Genotosicity  of  2,3,7,8-TCDD  in  vitro 


End 

point 

Species  (test  system) 

Results 

References 

Gene 

mutation 

Salmonella  typhimurrum 
(reverse  mutation) 

—/— 

McCann,  1978 
Gilbert  et  al.,  1980 
Geiger  and  Neal, 
1981 

Mortelmans  et  al., 
1984 

S.  typhimurium 
(reverse  mutation) 

Not  tested/+ 

Hussain  et  al.,  1972 
Seiler,  1973 

Escherichia  coli 
(reverse  mutation) 

Not  tested/-h 

Hussain  et  al.,  1972 

Saccharomyces  cerevisiae 
(reversion) 

+/— 

Bron2etti  et  al.,  | 
1983 

L5178Y  mouse  lymphoma 
cells 

(forward  mutation) 

Not  tested/+, 
and  not 
tested/ — 

Rogers  et  al.,  1982 

Cytogenet 

ic 

S.  cerevisiae 
(gene  conversion) 

+/_ 

Bronzetti  et  al., 
1983 

S.  cerevisiae 
(host  mediated) 

+/NA“ 

Bronzetti  et  al., 
1983 

Chinese  hamster  ceils 
(sister  chromatid 
exchange) 

Not  tested/ — 

Toth  et  al.,  1984 

Cell 

transform 

ation 

Baby  hamster  kidney  cells 
-BHK 

Not  tested/H- 

Hay,  1982 

C3H/10Ty2  cells 

Not  tested/ — 

Abernathy  et  al., 
1985 

®  Not  available. 
Source:  ATSDR,  19S9. 
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TABLE  4.2  Genotoxicity  of  2,3,7,8-TCDD  in  vivo 


1  End  point 

Species  (test  system) 

Results 

References 

Gene 

mutation 

Drosophila 

(sex-linked  recessive  lethal) 

— 

Zimmering  et  al.,  1985 

Drosophila 

(sister  chromatid  exchange) 

— 

Zeiger,  1983 

Drosophila 

(structural  aberration) 

— 

Zeiger,  1983 

Rat 

(sister  chromatid  exchange) 

— 

Lundgren  et  al.,  1986 

Rat  -  marrow  cells 
(structural  aberration) 

— 

Green  and  Moreland, 
1975 

Cytogenetic 

Rats  -  marrow  cells 
(structural  aberration) 

+ 

Green  et  al.,  1977 

Mouse  -  mairow  cells 
(structiiral  aberration) 

+ 

Loprieno  et  al.,  1982 

Mouse  -  marrow  cells 
(sister  chromatid  exchange) 

— 

Meyne  et  al.,  1985 

Mouse  -  marrow  cells 
(structural  aberration) 

— 

Meyne  et  al.,  1985 

Mouse  -  marrow  cells 
(micronucleus) 

— 

Meyne  et  al.,  1985 

Soiirce;  ATSDR,  1989. 
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TABLE  4.3  Summary  of  the  oral  carcmogenicity  bioassay  of  Kociba  et  aL 
(1978  a,b) 


Animal 

Sex 

Drug 

tested 

Tumor  type 

Inciden 

ce 

Control 

Squamous  cell  carcinoma  of  the  tongue, 
adenoma  of  the  adrenal  cortex,  and 
squamous  cell  carcinoma  of  tyhe  hard 
palate 

0/85 

0.001 

Squamous  cell  carcinoma  of  the  tongue 

1/50 

Squamous  cell  carcinoma  of  the  tongue 

1/50 

M 

0.01 

Squamous  cell  carcinoma  of  the 
adrenal  cortex 

2/50 

Squamous  cell  carcinoma  of  the  tongue 

3/'50 

Sprague- 

Dawley 

rats 

0.1 

Adenoma  of  the  adrenal  cortex 

5/50 

Squamous  cell  carcinoma  of  the  hard 
palate 

4/50 

Control 

Hepatocellular  carcinoma 

1/86 

0.001 

Hepatocellular  carcinoma 

0/50 

Hepatocellular  carcinoma 

2/50 

F 

0.01 

Squamous  cell  carcinoma  of  the  hard 
palate 

1/50 

Hepatocellular  carcinoma 

11/49 

0.1 

Squamous  cell  carcinoma  of  the  hard 
palate 

4/49 

Squamous  cell  carcinoma  of  the  lung 

7/49 

Source:  ATSDR,  1989. 
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TABLE  4.4  Other  Oral  Studies  Supporting  the  Conclusion  that  2, 3,7,8- 
TCDD  is  an  Animal  Carcinogen 


Method 

of 

Exposu 

re 

Anima 

1 

Sex/ 

numbe 

r 

Doses 

tested 

Tumor  t3T)e 

References 

Diet 

Spragu 

e- 

Dawley 

rats 

M/10 

0.01, 

0.005, 

0.05,  0.5, 
1.0,  or  5 
ppb 

Increase  in 
total  tumor 
incidence 

Van  Miller  et 
al.,  1977a, b 

Gavage 

Osborn 

e- 

Mendel 

rats 

M/50 

0.01,  0.05, 
or  0.5 
pg/kg/ 
week 

Follicular-cell 
adenomas  and 
carcinomas  of 
the  liver 

NTP,  1982b 

Osborn 

e- 

Mendel 

rats 

F/50 

0.01,  0.05, 
or  0.5 
pg/kg/ 
week 

Neoplastic 
nodules  and 
hepatocellular 
carcinomas  of 
the  liver 

NTP,  1982b 

B6C3F1 

mice 

M/50 

0.01,  0.05, 
or  0.5 
pg/kg/ 
week 

Hepatocellular 

carcinomas 

NTP,  1982b 

B6C3F1 

mice 

F/50 

0.01,  0.05, 
or  0.5 
pg/kg/ 
week 

Hepatocellular 
carcinoma  and 
follicular-cell 
adenomas  of 
the  thyroid 

NTP,  1982b 

Swiss 

mice 

M/44 

0.007,  0.7, 
or  7.0 
pg/kg/ 
week 

Hepatomas  and 
hepatocellular 
carcinomas 

Toth  et  al., 
1979 

Source:  ATSDR,  1989. 
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limited  number  of  cases,  and  the  misclassification  of  soft-tissue  sarcomas.  A 
summary  of  the  imit  cancer  risk  values  can  be  found  in  Table  4.9. 

4.2  Toxicological  Profile  for  2,4-Dichlorophenoxyacetic  Add  (2,4-D) 

The  purpose  of  this  toxicological  profile  is  to  describe  the  known  behavior  of 

2,4-D  by  using  the  most  current  and  related  information  available.  It  is  important 
to  note  that  the  n-butyl  esters  of  2,4-dichlorophenoxyacetic  add  can  hydrolysed  in 
biological  and  aquatic  systems.  Therefore,  the  behavior  of  the  pure  acid  and  their 
salts  are  pertinent  and  will  be  discussed  in  the  following  paragraphs  along  with 
studies  on  the  esters  when  they  are  available  (US.AF,  1974). 

4.2.1  Chemical  Characteristics 

2.4- Dichlorophencryacetic  arid  (2,4-D®)  is  a  man-made  chemical  with  no 
known  natural  sources.  The  chemical  is  produced  by  the  interaction  of  2,4- 
dichlorophenol,  with  the  sodium  salt  of  monochloroacetic  add,  typically  followed  by 
an  add  treatment  to  convert  the  2,4-D  salt  to  an  add  (Sittig,  1980,  1986). 

2.4- D  is  a  systemic  herbidde  used  for  the  control  of  broad  leaf  weeds  in  cereal 
crops,  sugar  cane,  turf,  pastures  and  other  non-cropland  (Weed  Sdence  Sodety  of 
America,  1974).  It  is  also  used  to  control  the  ripening  of  bananas  and  dtrus  fi-uits 
(WHO,  1975).  An  estimated  27  million  kg  of  2,4-D  acid  equivalent,  in  the  form  of 
esters  and  salts,  v/ere  used  in  the  US  in  1975  (lAKC,  1977).  2,4-D  was  used  as  a 
jungle  defoliant  during  the  Vietnam  War  in  the  mid-1960’s,  where  it  was  a  component 
of  "Agent  Orange”  (a  50:50  mixture  of  the  n-butyl  esters  of  2,4-D  and  2,4,5- 
trichlorophenoxyacetic  add).  About  40  million  liters  of  "Agent  Orange"  were  sprayed 


®  2,4-D  refers  to  the  acid  derivative  unless  othenvir.e  stated. 
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in  South  Vietnam  between  1965-1971  (Committee  on  the  Effects  of  Herbicides  in 
Vietnam,  1974). 

Various  physical  and  chemical  properties  of  2,4-D  are  discussed  in  Section  4.5. 

4.2.2  Pharmacokinetics 

The  differences  in  toxic  effects  caused  by  the  various  salts,  amines  and  esters 
of  2,4-D  can  be  explained  on  a  pharmacometric  basis.  The  concentrations  of 
chemicals  at  the  receptor  sites  in  an  organism  depends  on  the  absorption  and 
distribution  rates  in  relation  to  rates  of  metabolism  and  excretion.  The  rate  of 
absorption  in  animals  or  plants  is  based  on  the  route  of  entry  and  rate  of  membrane 
transport.  Specific  membrane  transport  rates  depend  upon  the  characteristics  of  the 
membrane  in  relation  to  the  size,  shape,  polarity  and  lipid  solubility  of  the  particular 
molecule  considered  (USAF,  1974). 

4.2.2.1  Absorption 

The  most  common  route  of  exposure  to  herbicides  in  mammaJs  is  via  ingestion, 
although  exposure  via  inhalation  and  cutaneous  routes  is  possible.  The  literature 
indicates  that  gastric  absorption  of  2,4-D,  its  amines  and  alkali  salts  occur  readily  as 
would  be  predicted  from  the  Henderson-Hasselbalch  relationships  (USAF,  1974).  The 
gastro-intestinal  absorption  of  2,4-D  esters  may  be  incomplete  (Erne,  1966  as  cited 
in  USAF.  1974). 

Frank  et  al.  (1985)  calculated  that  a  maximum  of  4.5%  of  the  amount  of  2,4-D 
deposited  on  the  bare  skin  of  a  person  directly  sprayed  with  2,4-D  was  absorbed. 
Among  those  occupationally  exposed,  dermal  exposure  appears  to  be  the  most 
important  route  of  absorption. 


104 


4.2.2.2 


Distribution 


After  oral  administration  of  2,4-D  to  sheep  and  cattle,  analyses  of  muscle,  fat, 
liver  and  kidney  shov/ed  the  presence  of  2,4-dichlorophenol  (Clark  et  al.,  1975  as  dted 
in  USDIFWS,  1978).  There  are  no  data  concerning  distribution  after  other  relevant 
routes  of  administration. 

4.2.2.3  Metabolism 

Most  studies  indicate  that  2,4-D  is  rapidly  eliminated  via  the  kidneys  by  active 
tubular  secretion  into  the  urine.  Cattle  and  rabbits  excrete  2,4-D  in  their  urine 
mostly  unchanged  (USAF,  1974).  Erne  (1966)  as  cited  in  USAF(1974),  foimd  that 
2,4-D  had  a  half-life  from  three  to  twelve  hours  and  that  urinary  excretion  was  the 
primary  route  of  elimination  in  the  rat,  rabbit,  calf  and  chicken.  Bemdt  and  Koschier 
(1973),  as  cited  in  USAF  (1974),  concluded  that  renal  tubular  transport  by  the 
organic  anion  mechanism  may  account  for  the  relatively  rapid  disappearance  of  2,4-D 
and  that  might  account  for  2,4-D’s  low  toxicity. 

4. 2. 2.4  Excretion 

In  a  study  on  the  kinetics  of  2,4-D,  five  male  volimteers  were  administered  a 
dose  of  5  mg/kg  bw.  Absorption  was  nearly  complete,  as  indicated  by  the  recovery  of 
88-100%  of  the  dose  in  the  urine  within  144  h.  Approximately  80%  of  the  2,4-D  was 
excreted  unchanged  in  the  urine.  The  additional  20%  was  excreted  as  an  acid-labile 
conjugate  (SauerhofT  et  al.,  1977a).  Extensive  and  rapid  gastrointestinal  absorption 
of  2,4-D  was  also  observed  by  Kohli  et  al.  (1974b). 

Maximum  concentrations  of  2,4-D  were  detected  in  urine  three  days  after 
dermal  exposure  (Feldman  and  Maibach,  1974). 
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4.2.3 


Toxicity 


Toxicity  data  for  humans  are  diEScvilt  to  obtain  because  people  are  rarely 
exposed  to  pure  2,4-D.  Most  occupational  exposure  studies  are  difficult  to  evalxiate 
because  of  the  combined  exposvires  of  many  workers  to  more  than  one  herbicide  or 
greater  than  one  derivative  of  a  single  herbicide. 

4.2.3.1  Noncancer  Toxicity 

Most  of  the  data  derived  firom  acute  toxicity  studies  indicate  that  2,4-D  has  low 
toxicity.  In  the  rat,  the  single  dose  LD50  is  620  mg/kg  for  the  butyl  ester  derivative 
of  2,4-D  and  100  mg/kg  for  the  dog  in  the  2,4-D  acid  derivative  (Rowe  et  al.,  1954; 
Edson  et  al.,  1964  as  cited  in  USAF,  1974). 

Groups  of  3  male  and  3  female  beagle  dogs  were  fed  10,  50, 100,  or  500  mg/kg 
of  diet  2,4-D  for  2  years,  beginning  at  6-8  months  of  age.  Twenty-eight  dogs  survived 
the  2  year  period  and  were  clinically  normal.  No  adverse  effects  related  to  2,4-D  were 
observed  (Hansen  et  al.,  1971). 

Results  of  teratological  studies  are  variable;  teratogenic  effects  are  observed 
with  doses  close  to  maternal  to,xicity.  In  a  study  by  Bjorklund  and  Erne  (1966), 
Sprague-Dawley  rats  were  given  1000  mg/1  2,4-D  (  50  mg/kg)  in  the  drinking  water 
during  pregnancy  and  for  an  additional  10  months  after  that,  and  2,4-D  was 
administered  to  the  second  generation  for  up  to  2-years.  Pregnancy  and  parturition 
were  normal,  the  litter  size  was  not  significantly  reduced,  and  no  malformations  were 
noted  in  the  young.  Except  for  retarded  growth  and  increased  mortality  in  the  second 
generation,  no  clinical  or  morphological  changes  were  seen. 

In  a  three-generation  study,  Osbome-Mendel  rats  were  orally  administered  100 
or  500  pg/kg  (4  pg/kg  or  20  pg/kg)  of  diet  2,4-D.  No  adverse  effects  were  observed. 
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Diets  containing  1500  pg/kg  (60  pg/kg)  2,4-D  significantly  reduced  the  percentage  of 
pups  surviving  to  weaning  and  their  weights  (Hansen  et  al.,  1971). 

No  significant  increases  in  embryonic  effects  were  noted  when  2,4-D  was  orally 
administered  to  hamsters  at  doses  up  to  100  mg/kg  on  days  6-10  of  gestation  (Collins 
and  Williams,  1971). 

An  Oral  Reference  Dose  (Oral  R^D),  of  0.01  mg/kg/day  has  been  set  by  ERA 
(IRIS,  1991).  This  is  based  on  data  from  Dow  Chemical  Co.  (1983).  Hematologic, 
hepatic  and  renal  toxicity  were  demonstrated  in  Fisher  344  rats  during  a  subchronic 
feeding.  2,4-D  was  fed  to  the  rats  for  91  days  at  doses  calculated  to  be  0, 1,  5,  15,  or 
45  mg/kg/day.  There  were  a  total  of  200  animals  in  the  study.  Criteria  examined  to 
determine  toxicity  were  survival,  daily  examination  for  clinical  symptomology,  weekly 
change  in  body  weights  and  clinical,  gross  and  histopathologic  alterations.  The 
resulta  demonstrated  statistically  significant  reductions  in  mean  hemoglobin  (both 
sexes),  mean  hematocrit  and  red  blood  cell  levels  (both  sexes),  and  mean  reticulocyte 
levels  (males  only)  at  the  5  mg/kg/day  dose  or  higher  after  7  weeks.  There  were  also 
significant  reductions  in  liver  enzymes  LDH,  SCOT,  SGPT,  and  alkaline  phosphatase 
at  week  14  in  animals  treated  at  the  15  mg/kg/day  or  higher  doses.  Kidney  weights 
(absolute  and  relative)  showed  significant  increases  in  all  animals  at  the  15 
mg/kg/day  dose  or  higher  at  the  end  of  the  experimental  protocol.  Histopathologic 
examinations  correlated  well  with  kidney  organ  weight  changes  shov.ing  cortical  and 
subcortical  pathology.  The  dose  u.sed  to  derive  the  RjDj,  was  1  mg/kg/day  (IRIS, 
1991).  The  RfDg  was  set  at  0.01  mg/kg  bw/day  by  using  a  total  uncertainty  factor  of 
100  to  account  for  uncertainty  in  the  interspecies  and  interhuman  variability  in  the 
toxicity  of  2,4-D  in  regard  to  these  specific  data  (IRIS,  1991).  Because  the  analysis 
of  the  90-day  and  a  follow  up  1-year  interim  study,  results  suggest  that  the  NOAEL 
would  also  be  relevant  for  the  full  2-year  duration.  Inclusion  of  the 
subchronic-to-chronic  uncertainty  factor  is  not  warranted  (IRIS,  1991).  The  EPA  has 
medium  confidence  (tending  toward.s  high)  in  this  oral  RfD  (IRIS,  1991).  Confidence 
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in  the  study  is  medium  because  of  a  reasonable  number  of  animals  were  used  of  both 
sex,  the  four  doses  were  given,  and  a  generous  number  of  parameters  were  examined 
(IRIS,  1991).  Confidence  in  the  data  base  is  medium  because  several  studies  support 
both  the  observation  of  critical  toxic  effects  and  the  levels  at  which  they  occur  (IRIS, 
1991). 


Critical  noncarcinogenic  toxicity  values  for  2,4-D  are  discussed  in  Section  4.5. 

4.2.3.2  Carcinogenicity 

Osbome-Mendel  rats  were  orally  administered  5,  25,  125,  625,  or  1250  mg/kg 
(0.2,  1.0,  5.0,  25.0,  or  50  mg/kg)  2,4-D  for  2  years.  A  significant  increase  in  tumors 
was  seen  only  in  the  highest  dose  group,  but  tumors  were  randomly  distributed  and 
were  typical  of  those  found  in  aging  rats  of  this  strain  (Hansen  et  al.,  1971).  Because 
of  the  limitations  of  this  study  (including  the  small  number  of  animals  used)  no 
evaluation  of  carcinogenicity  cocJd  be  made  based  on  the  available  studies  (lARC, 
1987). 


lARC  (1987  and  1977)  state  that  the  evidence  for  carcinogenicity  in  animals 
is  inadequate  for  2,4-D. 

4.2.3.3  Additional  Data 

The  genotoxicity  data  for  2,4-D  have  yielded  fairly  inconsistent  resxalts  overall. 
Many  in  vitro  studies  have  given  positive  results  in  absence  of  metabolic  activation, 
but  a  few  negative  results  have  been  noted.  The  results  of  these  studies  can  be  fotmd 
in  Tables  4.5  (in  vitro  data)  and  4.6  (in  vivo  data). 
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TABLE  4.5  Genotosicity  of  2,4-D  in  vitro 


End  point 

Species  (test  system) 

Results 

References 

Gene 

Mutation 

Salmonella  typhimurium 
(reverse  mutation) 

Nishimura  et  al.,  1982 
Mortelmans  et  al.,  1984 

S.  typhimurium 
(reverse  mutation) 

oV- 

Anderson  and  Styles, 
1978 

S.  typhimurium 
(reverse  mutation) 

-/O 

Zetterberg  et  al.,  1977 
Anderson  et  al.,  1972 

Saccharomyces  cerevisiae 
(reverse  mutation) 

+/0 

Zetterberg,  1978 

Cytogenetic 

S.  cerevisiae 
(gene  conversion) 

+/0 

Zetterberg  et  al.,  1977 

5.  cerevisiae 
(gene  conversion) 

(+)70 

Siebert  and  Lemperle, 
1974 

Chinese  hamster  cells 
(sister  chromatid  exchange) 

-/- 

Linnainmaa,  1984 

Human  lymphocj’tes 
(sister  chromatic  exchange) 

+/0 

Korte  and  Jalal,  1982 

Human  l>'mphocytes 
(chromosomal  aberration) 

+/0 

Pilinskaya,  1974 
Mustonen  et  al.,  1986 

“  In  presence  of  metabolic  activation/absence  of  metabolic  activation 
^  Not  tested 
'  Weakly  positive 


Source:  lARC,  19S7. 


TABLE  4.6  Genotoxicity  of  2,4-D  in  vivo 


End  point  Species  (test  system) 


Results 


References 


Gene 

mutation 


Drosophila  melanogaster 
(sex-linked  recessive 
lethal) 


Drosophila  melanogaster 
(sex-linked  recessive 
lethal) 


Vogel  and  Chandley,  1974 
Zimmering  et  al.,  1985 


Magnusson  et  al.,  1977 


Cytogenetic 


Drosophila  melanogaster 
(somatic  mutation/ 
recombination) 


Drosophila  melanogaster 
(aneuploidy) 


Mouse 

(micronucleus  test) 


Mouse 

(dominant  lethal  test) 


Human  lymphocytes 
(sister  chromatid 
exchange) 


Rasmuson  and  Svahlin, 
1978 


Ramel  and  Magnusson, 
1979 

Magnusson  et  al.,  1977 
Woodruff  et  al.,  1983 


Seiler,  1978 
Jenssen  and  Renberg, 
1976 


Epstein  et  al.,  1972 


Linnainmaa,  1983 


Human  lymphocytes 
(sister  chromatid 
exchange) 


(+)* 


Crossen  et  al.,  1978 


Hximan  lymphocytes 
(chromosome  aberration) 


Mustonen  et  al.,  1986 


Human  lymphocytes 
(chromosome  aberration) 


(-)•’ 


Hoegstedt  et  al.,  1980 


®  Weakly  positive 
^  Weakly  negative 

Source:  lARC,  1987. 
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4.3  Toxicological  Profile  for  2,4,5-Trichlorophenoxyacetic  Add  (2,4,5-T) 

The  purpose  of  this  toxicological  profile  is  to  describe  the  known  behavior  of 

2,4,5-T  by  using  the  most  current  and  related  information  available.  It  is  important 
to  note  that  the  n-butyl  esters  of  2,4,5-trichlorophenoxyacetic  add  can  be  hydrolyzed 
in  biological  and  aquatic  systems.  Therefore,  the  behavior  of  the  pure  add  and  their 
salts  are  pertinent  and  will  be  discussed  along  with  studies  on  the  esters  when  they 
are  available  (USDAF,  1974). 


4.3.1 


Chemical  Characteristics 


2.4.5- Trichlorophenoxyacetic  add  (2,4,5-T^°)  is  a  man-made  chemical  with  no 
known  natural  sources.  The  chemical  is  currently  produced  by  the  reaction  of  2,4,5- 
trichlorophenol  with  the  sodium  salt  of  monochloroacetic  add,  t^^pically  followed  by 
an  add  treatment  to  convert  the  2,4,5-T  salt  to  an  acid  (Sittig,  1980). 

2.4.5- T  was  used  as  a  jungle  defol'ant  during  the  Vietnam  War  in  the  mid- 
i960s,  where  it  was  a  component  of  "Agent  Orange"  (a  50:50  mixture  of  the  n-butyl 
esters  of  2,4,5-T  and  2,4-dichlorophenoxyacetic  add).  About  40  million  liters  of 
"Agent  Orange"  v/ere  sprayed  in  South  Vietnam  between  1965-1971  (Committee  on 
the  Effects  of  Herbiddes  in  Vietnam,  1974). 


Various  physical  and  chemical  properties  of  2,4,5-T  are  discussed  in 
Section  4.5. 


2,4,5-T  refers  to  the  acid  derivative  unless  otherwise  stated. 

Ill 


4.3.2 


Pharmacokineti  cs 


The  differences  in  toxic  effects  caused  by  the  various  salts,  amines  and  esters 
of  2,4,6-T  can  be  explained  on  a  pharmacometric  level.  The  concentrations  of 
chemicals  at  the  receptor  sites  in  an  organism  depends  upon  the  absorption  and 
distribution  rates  in  relation  to  rates  of  metabolism  and  excretion.  The  rate  of 
absorption  in  animals  or  plants  is  dependent  on  the  route  of  entry  and  the  rate  of 
membrane  transport.  Specific  membrane  transport  rates  depend  upon  the 
characteristics  of  the  membrane  in  relation  to  the  size,  shape,  polarity  and  lipid 
solubility  of  the  particular  molecule  considered  (USDAF,  1974). 

4. 3.2.1  Absorption 

The  most  common  route  of  exposure  to  herbicides  in  mammals  is  via  ingestion, 
although  exposure  via  inhalation  and  cutaneous  routes  is  possible.  The  literatvu-e 
indicates  that  gastric  absorption  of  2,4,5-T  and  its  amines  and  alkali  salts  occur 
readily  as  would  be  predicted  from  the  Henderson-Hasselbalch  relationships  (USDAF, 
1974).  There  is  no  information  in  the  available  literature  about  the  absorption  of 
2,4,5-T  via  the  skin  or  inhalation. 

4.3.2.2  Distribution 

There  was  no  available  information  on  the  distribution  of  2,4,5-T. 

4. 3.2.3  Metabolism  and  Excretion 

Most  studies  indicate  that  animals  rapidly  eliminate  2,4,.5-T  via  the  kidney  by 
active  tubular  secretion  into  the  urine.  Cattle  and  rabbits  excrete  2,4,5-T  in  their 
urine  mostly  unchanged  (USDAF,  1974).  Erne  (1966),  as  cited  in  USDAF  (1974), 
foimd  that  2,4,5-T  had  a  half-life  from  three  to  twelve  hours  and  that  urinary 
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excretion  was  the  primary  route  of  elimination  in  the  rat,  rabbit,  calf  and  chicken. 
Bemdt  and  Koschier  (1973),  as  cited  in  USDAF  (1974),  concluded  that  renal  tubulai- 
transport  by  the  organic  anion  mechanism  may  account  for  the  relatively  rapid 
disappearance  of  2,4,5-T,  which  may  account  for  2,4,5-T’s  low  toxicity. 

[1-^^C]2,4,5-T  was  administered  to  pregnant  and  non-pregnant  rats  by  stomach 
tube  in  a  study  by  Fang  et  al.  (1973),  as  cited  in  USDIFWS  (1978).  The  rate  of 
elimination  for  both  groups  was  the  same.  Ninety  to  95%  of  the  label  was  eliminated 
in  the  form  of  unchanged  2,4,5-T  in  the  urine.  In  addition,  two  non-polar  and  one 
water  soluble  metabolite  were  observed.  Acid  hydrolysis  of  the  water  soluble 
metabolite  produced  2,4,5-T  suggests  potential  ester  formation. 

Studies  in  humans  confirm  the  results  observed  in  animals.  Gening  et  al. 
(1973)  orally  administered  2,4,5-T  directly  or  in  milk  in  5  human  male  volunteers. 
An  average  of  88%  of  the  dose  was  excreted  in  the  urine  within  96  hours  of 
administration,  and  renal  clearance  was  180  to  260  mVmin.  The  ingested  2,4,5-T  was 
eliminated  imchanged  into  the  urine  (USDAF,  1974).  There  was  no  free 
trichlorophenol  detected  in  the  urine.  Clearance  from  the  plasma  and  excretion  both 
followed  first-order  kinetics  with  a  half-life  of  23  hours.  Fecal  excretion  was  <1%  of 
the  dose  (Gening  et  al.,  1973). 

In  a  similar  study,  2,4,5-T  was  administered  orally  at  2,  3,  or  5  mg/kg  bw. 
Maximum  plasma  concentrations  were  detected  7  to  24  hours  after  administration. 
Following  the  5  mg/kg  bw  dose,  the  half-life  averaged  19  hours.  For  all  of  tlie  doses 
examined,  an  average  of  63  to  79%  of  the  dose  was  recovered  in  the  urine  within  96 
h  of  administration  (Kohli  et  al.,  1974a). 


4.3.3 


Toxidty 


Toxidty  data  for  humans  are  difBcult  to  obtain  because  people  are  rarely 
exposed  to  pizre  2,4,5-T.  In  the  majority  of  cases,  the  available  data  do  not 
distinguish  between  the  possible  effects  of  exposure  to  2,4,5-T  and  those  of  exposure 
to  assodated  chemicals  or  more  toxic  contaminants  such  as  TCDD. 

4.3.3.1  Noncancer  Toxidtv 

Most  of  the  data  derived  form  acute  toxidty  studies  indicate  that  2,4,5-T  has 
low  toxidty.  In  the  mice,  the  single  dose  LD50  was  940  mg/kg  for  the  butyl  ester 
derivative  for  2,4,5-T  and  500  mg/kg  in  the  rat  for  the  2,4,5-T  add  derivative  (Rowe 
and  Hymas,  1954  as  dted  in  USDAF,  1974). 

Dogs  fed  2,4,5-T  5  times  a  week  for  90  days  at  a  dosage  level  of  2,  5,  or  10 
mg/kg  bw  exhibited  no  adverse  effects.  Daily  doses  of  20  mg/kg  bw  resiilted  in  deaths 
11-75  days  after  the  first  dosing  (Drill  and  Hiratzka,  1953). 

Resiilts  of  teratology  studies  in  animals  are  variable.  2,4,5-T  (containing  less 
than  0.02  mg/kg  TCDD)  orally  administered  on  days  6-15  of  gestation  was 
embryotoxic  to  NMRI  mice.  The  firequency  of  deft  palate  was  significantly  increased 
when  doses  of  greater  than  20  mg/kg  bw  were  administered.  Reductions  in  fetal 
weight  were  found  with  doses  of  10-15  mg/kg  bw,  but  there  was  no  increase  in 
embryolethality  over  controls.  Cleft  palates  were  produced  following  a  single  oral 
dose  of  150-300  mg/kg  bw.  2,4,5-T  butyl  ester  was  found  to  have  similar 
embryopathic  effects  as  2,4,5-T  following  administration  on  days  6-15  of  gestation 
(Neubert  and  Dillmann,  1972). 

To  the  contrary,  2,4,5-T  (containing  0.5  mg/kg  TCDD)  was  neither  teratogenic 
or  fetotoxic  when  orally  administered  to  CD  rats  at  doses  ranging  from  1-80  mg/kg 
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bw  (Courtney  and  Moore,  1971),  or  in  Sprague-Dawley  rats  at  doses  ranging  from  1- 
24  mg/kg  bw  (Emerson  et  al.,  1971)  on  days  6-15  of  gestation.  The  butyl  ester  of 
2,4,5-T  had  no  effect  when  orally  dosed  at  50  or  150  mg/kg  bw  in  Wistar  rats,  but 
2,4,5-T  (containing  less  than  0.5  mg/kg)  did  induce  skeletal  anomalies  following  single 
daily  doses  of  100-150  mg/kg  bw  on  days  6-15  of  gestation  (EQiera  and  McKinley, 
1972). 


Sjoden  and  Soderberg  (1977),  reported  that  prenatal  exposure  to  2,4,5-T  may 
lead  to  behavioral  abnormalities  and  changes  in  thyroid  activity  as  well  as  brain 
serotonin  levels  in  the  progeny.  Crampton  and  Rogers  (1983)  reported  that  prenatal 
exposure  to  2,4,5-T  has  long-term  effects  on  behavior  in  rats.  After  exposure  to  a 
single  dose  of  2,4,5-T  (6  mg/kg)  on  day  8  of  gestation,  abnormalities  were  observed 
in  tests  for  novelty  responses. 

An  oral  Reference  Dose  (oral  R^D),  of  0.01  mg/kg/day  has  been  set  by  EPA 
(IRIS,  1991).  This  is  based  on  data  from  two  well  conducted  studies  (Kociba  et  al., 
1979;  Smith  et  al.,  1981).  Kociba  et  al.  (1979)  maintained  Sprague-Dawley  rats 
(50/sex)  on  diets  supplying  0,  3,  10,  or  30  mg  2,4,5-T/kg  bw/day  for  2  years. 
Toxicological  endpoints  measured  were  body  weight,  food  consumption, 
tumorigenicity,  hematology,  urinalysis,  serum  chemistry,  and  histopathology.  No 
effects  were  seen  at  3  mg/kg/day.  An  increase  in  urinary  excretion  of  coproporphyrin 
(at  4  months  only)  was  reported  for  males  at  10  and  30  mg/kg/day  emd  for  females  at 
the  30  mg/lcg  bw  dose  level.  A  mild  dose-related  increase  in  the  incidence  of 
mineralized  deposits  in  the  renal  pelvis  was  reported  for  females  after  2  years.  Smith 
et  al.  (1981)  conducted  a  three  generation  reproduction  study.  Rats  were  fed  levels 
of  2,4,5-T  corresponding  to  0,  3,  10,  or  30  mg  2,4,5-T/kg  bw/day.  No  effects  were 
observed  at  the  lower  doses.  Reduced  neonatal  surrival  was  observed  at  both  higher 
doses.  The  dose  used  to  derive  the  RfD^  w’as  3  mg/kg/day  (IRIS,  1991).  The  was 
set  at  0.01  mgkg  bw/day  by  using  a  total  uncertainty  factor  of  300  to  account  for 
uncertainty  in  the  extrapolation  of  dose  levels  from  laboratory  animals  to  humans 


(10),  uncertainty  in  the  threshold  for  sensitive  humans  (10),  and  imcertainty  because 
of  deficiencies  in  the  chronic  toxicity  data  base  (3)  (IRIS,  1991).  The  EPA  has 
medium  confidence  (tending  towards  high)  in  this  oral  EfD  (IRIS,  1991).  There  is 
high  confidence  in  the  studies  used  to  determine  the  RfD^  because  of  the  completeness 
of  the  studies  and  the  data  base  is  supportive  of  the  magnitude  of  the  reproductive 
effect.  The  relative  weakness  of  the  chronic  toxicity  data  base  precludes  a  higher 
overall  confidence  level  QRIS,  1991). 

Critical  noncarcinogenic  toxicity  values  for  2,4, 5-T  are  discussed  in  Section  4.5. 

4.3.3.2  Carcinogenicity 

2,4,5-T  has  been  tested  in  mice  by  oral  administration.  In  a  study  by  Mutanyi- 
IQovacs  et  al.  (1976),  20  male  and  19  female  6-week  old  inbred  XVBII/G  mice  were 
given  100  mg/1  (5  mg/kg)  2,4,5-T  (containing  less  than  0.05  mg/kg  chlorinated 
dibenzodioxins)  in  the  drinking  water  for  2  months.  Subsequently,  2,4,5-T  was  fed 
orally  at  a  concentration  of  80  mg/kg  (3.2  mg/kg)  of  diet  for  lifespan.  No  significant 
increase  was  noted  in  the  incidence  of  tumors.  In  a  similar  study  by  the  same 
authors,  C3HF  mice  were  treated  in  the  same  manner.  The  treated  female  mice 
showed  a  significant  increase  in  the  total  number  of  tumors.  Although  an  increased 
incidence  of  tumors  at  various  sites  were  observed  in  this  study,  no  evaluation  of 
carcinogenicity  of  2,4,5-T  could  be  made  because  of  the  limitations  of  this  study  (small 
niimber  of  animals  used)  (lARC,  1987). 

lARC  (1987,  1977)  state  that  the  evidence  for  carcinogenicity  in  animals  is 
inadequate  for  2,4,5-T. 
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4.3.3.3 


Additional  Data 


The  genotoxicity  data  suggest  that  2,4,5-T  is  not  likely  to  effect  genetic 
material.  Most  studies  have  given  negative  results,  while  the  positive  studies  had 
only  weak  responses.  The  results  of  these  studies  can  be  found  in  Tables  4.7  {in  vitro 
data)  and  4.8  {in  vivo  data). 

TABLE  4.7  Genotoxicity  of  2,4,5-T  in  vitro 


End  point 

Species  (test  system) 

Results 

References 

Gene 

mutation 

Salmonella  typhimurium 
(reverse  mutation) 

-A® 

Herbold  et  al.,  1982 
Nishimura  et  al.,  1982 
Mcrtelmans  et  al.,  1984 

Salmonella  typhimurium 
(reverse  mutation) 

O'^A 

Anderson  and  Styles, 
1978 

Salmonella  typhimurium 
(reverse  mutation) 

-/O 

Andersen  et  al.,  1972 

Saccharomyces  cerevisiae 
(reverse  mutation) 

+/0 

Zetterberg,  1978 

*  In  presence  of  metabolic  activatioa''absence  of  metabolic  activation 
^  Not  tested 

Source;  lABC,  1987. 
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TABLE  4.8  Genotozicity  of  2,4,5-T  in  vivo 


End  point 

Species  (tes-  system) 

Results 

References 

Gene 

mutation 

Drosophila  melanogaster 
(sex-linked  recessive  lethal) 

+ 

Majumdar  and  Golia, 
1974 

Drosophila  melanogaster 
(sex-linked  recessive  lethal) 

(+)“ 

Magnxisson  et  al.,  1977 

Drosophila  melanogaster 
(sex-linked  recessive  lethal) 

- 

Zimmering  et  al.,  1985 

Cytogenetic 

Drosophila  melanogaster 
(somatic 

mutation/recombination) 

- 

Rasmuson  and 
Svahlin,  1978 

Drosophila  melanogaster 
(aneuploidy) 

- 

Ramel  and  Magnusson, 
1979 

Magnusson  et  al.,  1977 

Mouse 

(micronucleus  test) 

- 

Jenssen  and  Renberg, 
1976 

Mouse 

(dominant  lethal  test) 

- 

Buselmaier  et  al.,  1972 

Rat 

(dominant  lethail  test) 

- 

Herbold  et  al.,  1982 

Human  lymphocytes 
(sister  chromatid  exchange) 

(+) 

Crossen  et  al.,  1978 

*  Weakly  positive 


Source;  lARC,  1987, 


4,4  Tojdcity  Profile  for  the  Mixtures  of  2,4,5-Trichlorophenoxyacetic  Acid  {2,4,5-T), 

2,4-Dichlorophenox>’acetic  Acid  (2,4-D),  and  2,3,7,8-Tetrachlorodibenzo-p-Diosin 

(TCDD)  as  Chlorophenoxy  Herbicides 

4.4.1  Toxicity 

Toxicity  data  for  humans  are  difficult  to  obtain  because  people  are  rarely 
exposed  to  pure  2,4,5-T,  2,4-D  or  TCDD.  Most  occupational  exposure  studies  are 
difficult  to  evaluate  because  of  the  combined  exposures  of  many  workers  to  more  than 
one  herbicide  or  greater  than  one  derivative  of  a  single  herbicide.  In  the  majority  of 
cases,  the  available  data  do  not  distinguish  between  the  possible  effects  of  exposure 
to  2,4,5-T  or  2,4-D  and  the  exposure  to  associated  chemicals  such  as  TCDD.  Many 
studies  involve  the  occupational  exposure  to  the  general  category  of  chlorophenoxy 
herbicides. 

4.4.2  Noncancer  Toxicity 

4.4.2.1  Chloracne 

In  a  reaction  incident  with  exposure  to  2,4,5-T  and  its  contaminant  TCDD  in 
1949,  workers  were  who  were  exposed  were  followed  for  4  years.  Directly  after 
exposure,  workers  had  complaints  including  chloracne  and  respiratory  tract,  liver  and 
nervous  system  disorders.  By  1953,  liver  and  ner^’ous  system  problems  subsided,  but 
chloracne  still  persisted  in  some  cases  (Suskind,  1985), 

4. 4. 2. 2  Reproduction  and  Prenatal  Toxicitv 

Effects  on  reproduction  and  prenatal  toxicity  have  been  addressed  in  several 
studies  in  humans.  A  study  in  Arkansas,  USA,  divided  the  state  intr  low,  medium 
and  high  2,4,5-T  use  areas  on  the  basis  of  rice  acreage.  No  significant  differences  in 
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rates  of  facial  cleft  were  fotind  among  the  different  areas  between  1943  aind  1974 
(Nelson  et  al.,  1979).  The  USEPA  investigated  spontaneous  abortion  rates  in  areas 
of  Oregon,  USA,  in  relation  to  2,4,5-T  spray  rates  between  1972  and  1977. 
Significantly  higher  spontaneous  abortion  rates  were  noted  in  areas  in  which  2,4,5-T 
was  used.  lARC  (1986)  noted  that  some  of  the  methods  in  the  study  were  inadequate. 

A  study  of  the  pregnancy  outcomes  of  wives  of  professional  herbicide  (2,4,5-T) 
sprayers  was  conducted  in  New  Zealand  (Smith  et  al.,  1981).  There  were  a  total  of 
1172  births  among  families  in  the  exposed  group  (1969-1979  for  spra3dng  of  2,4,5-T; 
1960-1979  for  spraying  of  any  pesticide)  and  1122  births  in  a  control  group.  Major 
congenital  defects  were  reported  in  2%  (24)  of  births  to  applicator  families  and  1.6% 
(18)  of  births  to  the  control  group;  the  difference  was  not  significant.  Similar  rates 
were  observed  for  the  two  groups  for  stillbirths  and  miscarriages.  In  further  analysis, 
the  pregnancy  outcomes  associated  with  spra3dng  of  2,4,5-T  by  the  father  in  the  same 
year  or  in  the  previous  year  of  the  birth  were  selected  and  compared  to  the  control 
group.  The  relative  risk  for  congenital  defects  in  children  of  exposed  fathers  was  1.19 
and  for  miscarriages  0.89  (Smith  et  al.,  1982b).  These  results  were  not  statistically 
significant. 

4.4.3  Cancer 

4.4.3. 1  Case-Control  Studies 

4.4.3.1.1  Soft-Tissue  Sarcomas 

Hardell  and  Sandstrom  (1979),  conducted  a  case-control  study  of  52  male 
patients  with  soft-tissue  sarcoma  and  220  matched  controls.  A  person  was  classified 
as  being  exposed  if  he  had  at  least  one  full  day  of  exposure  more  than  5  years  before 
a  tumor  was  diagnosed.  Of  the  52  cases,  13  cases  were  exposed  to  chlorophenoxy 
herbicides  (12  had  been  exposed  to  2,4,5-T  or  2,4-D,  and  one  to  4-chloro-2-methyl- 
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phenoxy  acetic  acid  (MCPA)  alone;  combined  exposure  to  2,4,5-T  and  2,4-D  was 
reported  in  9  cases).  A  significant  association  was  observed  (odds  ratio  =  5.3;  95%  Cl, 
2.4  to  11.5)  with  prior  exclusion  of  exposure  cases  to  chlorophenol.  Latency  from  first 
exposure  was  10  to  20  years.  The  average  duration  of  exposure  was  three  to  four 
months  (range,  2  days  to  49  months). 

Eriksson  et  al.  (1981)  undertook  a  case-control  study  with  110  cases  with  soft- 
tissue  sarcomas  and  220  matched  controls  in  an  area  of  Sweden  where  MCPA  and 
2,4-D  had  been  widely  used  in  agricultirre.  A  significant  association  was  observed 
(odds  ration  =  8.5)  for  exposure  to  chlorophenoxy  herbicides  alone  for  more  than  30 
days  (7  cases),  and  5.7  for  exposures  of  less  than  or  equal  to  30  days  (7  cases).  The 
odds  ratio  for  exposure  to  chlorophenoxy  herbicides  other  than  2,4,5-T  was  4.2  (95% 
Cl,  1.3  to  15.8). 

An  initial  analysis  of  occupations  recorded  with  the  National  New  Zealand 
Center  Registry  between  1976  and  1980  did  not  find  and  excess  of  soft-tissue  sarcoma 
cases  in  agricultural  and  forestry  workers  (Smith  et  ah,  1982).  After  this  preliminary 
analysis,  nearly  90%  of  the  cases  (or  next  of  kin)  were  interviewed  regarding  past 
occupations  and  actual  exposure  to  chlorophenoxy  herbicides.  A  significant 
association  was  observed  (odds  ratio  =  1.6;  90%  Cl,  0.7  to  3.3)  was  calculated  for 
those  who  had  probably  or  definitely  been  exposed  for  more  than  one  day  greater 
than  5  years  prior  to  the  diagnosis  of  the  tumor.  None  of  the  cases  was  of  a 
professional  applicator.  The  possibility  of  recall  bias  ba.sed  on  the  previous  study  was 
noted. 


in  a  study  by  Smith  et  al.  (1984)  82  persons  with  soft-tissue  sarcomas  and  92 
controls  (with  other  t^’pes  of  cancers)  were  interviewed  for  a  case-control  study.  For 
those  potentially  exposed  to  phenoxyherbicides  for  more  than  one  day  not  in  the  5 
years  prior  to  cancer  diagnosis,  no  significant  association  was  observed  (odds  ratio  = 
1.3;  90%  Cl,  0.6  to  2.5).  In  addition,  no  .significant  association  was  observed  for 
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chlorophenol  exposure  (odds  ratio  =  1.5;  90%  Cl.  0.5  to  4.5).  The  authors  conduded 
that  further  studies  were  needed  to  darify  whether  human  exposure  to  these 
chemicals  increase  the  risk  of  soft-tissue  sarcoma. 

4.4.3.1.2  Malignant  Lymphomas 

A  case-control  study  of  169  cases  of  malignant  lymphoma  was  tindertaken  ’with 
338  matched  controls  (Hardell  et  al.,  1981).  The  study  design,  induding 
determination  of  exposure,  was  similar  to  the  Swedish  soft-tissue  sarcoma  studies 
(see  Hardell  and  Sandstorm,  1979).  A  significant  assodation  (odds  ratio  =  4.8;  95% 
Cl,  2.9  to  8.1)  was  obtained  for  exposiire  to  chlorophenoxy  herbiddes,  excluding  cases 
and  controls  exposed  to  chlorophenols.  Stratifying  by  duration  of  exposure,  the 
relative  risk  estimate  was  4.3  for  less  than  90  days  and  7.0  for  90  days  or  more 
exposvire  to  chlorophenoxy  herbiddes.  The  majority  of  chlorophenoxy  herbidde- 
exposed  cases  reported  exposure  to  both  2,4,5-T  and  2,4-D  (25  cases),  two  reported 
exposxire  to  2,4,5-T,  2,4-D  and  MCPA,  seven  to  2,4-D  alone  and  5  to  MCPA  alone 
(Hardell,  1981a). 

An  analysis  of  reported  occupations  appearing  on  the  New  Zealand  Cancer 
Registry  indicated  an  excess  of  malignant  lymphoma  and  multiple  myeloma  among 
men  in  agricultural  occupations  during  1977-1981.  The  main  findings  of  a 
subsequent  case-control  study  concerned  88  cases  of  malignant  lymphoma  (covering 
non-Hodgkin's  lymphoma  other  than  lymphosarcoma  and  reticulosarcoma),  classified 
as  ICD  202,  and  352  matched  controls.  A  subsequent  study  with  83  cases  of  ICD  202 
suggested  that  exposure  to  chlorophenoxy  herbiddes  was  not  assodated,  since  the 
odds  ratio  of  1.3  (90%  Cl.  0.7  to  2.5)  was  obtained  when  controls  were  people  with 
other  cancers  were  used;  and  an  odds  ratio  of  1.0  (90%  CL  0.5  to  2.1)  when  the 
controls  were  the  general  population  (Pearce  et  al.,  1986). 
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4.4.3. 1.3  Nasal  and  Nasopharyngeal  Cancer 


Heirdell  et  al.  (1982),  described  an  odds  ratio  of  2.1  (95%  Cl,  0.9  to  4.7)  for 
exposure  to  chlorophenoxy  herbicides. 

4.5  Conclusion  and  Summary 

There  is  limited  evidence  that  occupational  exposures  to  chlorophenoxy 
herbicides  are  carcinogenic  to  humans  (lARC,  1986).  Benchmark  values  for  all 
relevant  toxicological  indicators,  carcinogenic  and  noncarcinogenic,  are  presented  in 
Tables  4.9  and  4.10,  respectively. 


TABLE  4.9 

Critical  Carcinogemc  Toxicity  Values  for  Indicator  Chemicals 
Herbicide  Orange  Storage  Area 
Johnston  Island,  Johnston  Atoll 


Chemical  Name 

Slope  Factor 
(SF) 

(mg/kg-day)*^ 

Weight  of 
Evidence 
Classifi¬ 
cation 

Type  of 
Cancer 

SF  Basis/ 

SF  Source 

Oral  Route 

2,3,7,8-Tetrachloro- 

dibenzo-p-Dioxin“ 

1.56  X  10® 

31“ 

Lung,  liver, 
hard 
palate, 
nasal 
turbinates 

Food/ATSDR 
(June  1989) 

2,4- 

Dichlorophenoxy 
acetic  acid^ 

(n-butyl  ester) 

No  data 

No  data 

No  data 

No  data 

2,4,5- 

Trichlorophenoxy 
acetic  acid*’ 

(n-butyl  ester) 

No  data 

No  data 

No  data 

No  data 

2,4,5- 

Trichlorophenoxy 
acetic  acid*’ 

(Iso-octyl  ester) 

No  data 

No  data 

No  data 

No  data 

Inhalation  Rate 

No  data 

No  data 

No  data 

No  data 

“  When  associated  with  phenoxy  herbicides  and/or  chlorophenols,  B2  when 
considered  alone. 
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TABLE  4.10 

Critical  Noncarcinogerdc  To:dcity  Values  for  Indicator  Chemicals 
Herbicide  Orange  Storage  Area 
Johnston  Island,  Johnston  Atoll 


Chemical  Name 

Chronic 

RfD 

(mg/kg- 

day) 

Confi¬ 

dence 

Level® 

Critical 

Effect 

RfD 

Basis/ 

RfD 

Source 

Uncertain¬ 
ty  and 
Modifying 
Factors'’ 

Oral  Route 

2, 3,7,8- 

Tetrachloro- 

dibenzo-p-Dioxin 

1  X  10'® 

No  data 

Primary: 

Fetal 

survival 

Second  ar'/: 
Renal 

No 

data/ 

ATSDR 

UF=100  for 
A,L 
MF=10 

2,4- 

Dichlorophenoxy 
acetic  acid 
(n-butyl  ester) 

1  X 

Medium 

Primary: 

Renal 

Secondary: 

Hematologic, 

hepatic 

Food/ 

IRIS 

UF=100  for 
H,  A 
MF=1 

2,4,5- 

Trichlorophenoxy 
acetic  acid 
(n-butyl  ester) 

1  X 

Medium 

Primary: 

Neonatal 

survival 

Second  an/: 
Increased 
urinary 
copropor¬ 
phyrin 

Food/ 

IRIS 

IF=300  for 

H,  A,  D 
MF=1 

Inhalation  Route 

No  data 

No  data 

No  data 

No 

data 

No  data 

®  Confidence  level  from  IRIS,  either  high,  medium,  or  low. 

^  Uncertainty  adjustments:  H=variation  in  human  sensitivity;  A=animal  to  human 
extrapolation;  and  D=defici9ncie3  in  toxicity  data. 

'  RfD  value  for  acid,  n-butyl  ester  value  not  available. 

^  RfD  value  for  acid,  n-butyl  ester  and  iso-octyl  ester  values  not  available. 
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5.0  Risk  Characterization 


Characterization  of  risk  is  based  on  the  results  of  the  exposure  assessment  (as 
summarized  in  Table  3.12)  and  the  benchmark  toxicity  values  (presented  in 
Table  4.10).  The  basic  algorithm  for  calculation  of  risk  for  carcinogenicity  is: 


Bisk  -  Lifetime  Average  Daily  Dose  (mglkg/day)  x  unit  cancer  risk  (mglkgfday)i5-8) 


and  for  systemic  toxicity  (as  the  hazard  quotient)  is: 


Noncancer  hazard  quotient  -  Daily  Dose  {ADD) 

Reference  Dose  {Rp) 


(5-9) 


Among  the  chemicals  of  concern,  TCDD  is  the  only  known  carcinogen.  The  Urdt 
Cancer  Risk  (UCR)  on  which  risk  was  calculated  is  1.56  x  10®.  TCDD,  2,4-D,  and 
2,4,5-T  are  all  sys  temic  toxicants.  It  is  important  to  note  that,  in  the  case  of  systemic 
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toxicity,  hazard  quotients  are  not  additive  for  different  chemicals  where  their 
respective  R^D's  are  based  on  different  target  organs.  RfD’s  and  their  bases  are  listed 
in  Table  4.10  as  the  primary  effect  on  v/hich  each  chemical’s  is  based.  For  TCDD 
the  primary  effect  is  fetotoxicity^  for  2,4-D  it  is  renal  toxicity;  and  for  2,4,5-T  it  is 
reduced  neonatal  survival.  As  a  result,  hazard  quotients  are  presented  separately  for 
all  three  chemicals  and  are  not  added  into  a  single  hazard  index. 

The  noncancer  hazard  quotient  assumes  that  there  is  a  level  of  exposure  (i.e., 
R|D)  below  which  it  is  unlikely  for  even  serisitive  populations  to  experience  adverse 
health  effects.  If  the  exposure  level  (i.e.,  average  daily  intake)  exceeds  this  threshold 
(i.e.,  if  the  hazard  quotient  exceeds  unity),  there  may  be  concern  for  potential 
noncancer  effects.  It  is  important  to  note  that  the  level  of  concern  does  not  increase 
linearly  as  the  RfD  is  approached  or  exceeded  because  RfDs  do  not  have  equal 
accuracy  or  precision  and  are  not  based  on  the  same  severity  or  to:dc  effects.  Thus, 
the  slopes  of  the  dose  response  curve  in  excess  of  the  R^D  can  range  widely  depending 
on  the  substance  (EPA,  1989c). 

For  all  three  compounds  (i.e.,  TCDD,  2,4-D,  and  2,4,5-T)  inhalation,  only  oral 
RfDs  were  available,  and  only  an  oral  cancer  potency  factor  (or  UCR)  was  available 
for  TCDD,  Therefore,  it  was  necessary  to  adjust  these  toxicity  benchmark  values, 
which  wer  e  based  on  exposure  (administered)  dose  to  account  for  absorption.  This 
route-to-route  extrapolation  method  as  been  described  by  EPA  (1989c)  and  is  used  to 
express  the  toxicity  expected  from  an  absorbed  dose.  Additionally,  these  adjusted 
toxicity  benchmark  values  must  then  be  used  with  inhalation  exposure  values  which 
have  also  been  adjusted  to  estimate  absorbed  dose.  The  uncertainties  associated  with 
this  method  include  the  fact  that  "point-of-entry"  toxicity  (i.e.,  in  the  lungs)  cannot 
be  estimated  from  oral  toxicity  data.  Furtheimore,  unlike  orally  administered 
compoimds,  inhaled  chemicals  wood  cl  not  be  subjected  to  first-pass  hepatic  metabolism 
before  reaching  the  systemic  circulation.  Therefore,  a  toxic  effect  attributable  to  an 
active  metabolite  might  be  more  pronounced  if  the  compoimd  was  administered 


orally.  Conversely,  the  pulmonary  absorption  of  a  toxic  parent  compotind  that 
undergoes  little  or  no  first-pass  metabolism  may  result  in  a  greater  dose  of  the  toxic 
moiety  entering  the  systemic  circulation  than  if  the  compound  was  absorbed  orally. 

5.1  Quantitative  Assessment  of  Risk 

All  parameters  used  in  calculations  leading  to  the  expression  of  carcinogenic 
and  systemic  toxicity  risks  are  presented  in  Table  5.1  for  the  cmrent  scenario  and 
Table  5.2  for  the  two  future  use  scenarios.  Although  all  media  were  considered  in  the 
analysis,  lack  of  or  inadequate  monitoring  data  on  water  and  marine  biota  reduced 
multimedia  considerations  to  air  only.  For  this  medium,  both  vapor  phase  and 
chemical-bound  particulate  were  factored  into  the  calculations. 

For  the  current  scenario,  the  cancer  risk  from  exposure  to  TCDD  is  3  x  lO"*  for 
the  TMEI  and  3  x  10‘®  for  the  AMEI.  The  hazard  quotient  firom  exposxire  to  TCDD 
is  0.76  for  the  TMEI  and  0.76  for  the  AMEI.  The  hazard  quotient  fi"om  exposure  to 
2,4-D  is  0.0014  for  the  TMEI  and  0.00051  for  the  AMEI.  The  hazard  quotient  fi-om 
exposure  to  2,4,5-T  is  0.0015  for  the  TMEI  and  0.00095  for  the  AMEI. 

For  the  future-use  scenario  involving  excavation  (Scenario  1),  the  cancer  risk 
fi:om  exposure  to  TCDD  is  8  x  10'^  for  the  TMEI  and  8  x  10'^  for  the  AMEI.  The 
hazard  quotient  from  exposure  to  TCDD  is  0.52  for  the  TMEI  and  0.52  for  the  AMEI. 
The  hazard  quotient  firom  exposure  to  2,4-D  is  0.00090  for  the  TMEI  and  0.00034  for 
the  AMEI.  The  hazard  quotient  firom  exposure  to  2,4,5-T  is  0.0010  for  the  TMEI  and 
0.00063  for  the  AMEI. 

For  the  future-use  scenario  involving  paving  (Scenario  2),  the  cancer  risk  from 
exposure  to  TCDD  is  2  x  lO'^  for  the  TMEI  and  2  x  lO'^  for  the  AMEI.  The  hazard 
quotient  firom  exposure  to  TCDD  is  0.25  for  the  TMEI  arid  0.25  for  the  AIi^ISI.  The 
hazard  quotient  firom  exposure  to  2,4-D  is  0.00045  for  the  TMEI  and  0.00017  for  the 
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AMEI.  The  hazard  quotient  from  exposure  to  2,4,5-T  is  0.00049  for  the  TMEI  and 
0.00031  for  the  AJ/IEI. 

5.2  Uncertainties 

As  in  exposure  assessment  (see  Section  3.4),  there  are  imcertainties  associated 
with  the  dose-response  component  of  risk  assessment.  The  EPA  is  now  considering 
new  evidence  to  suggest  that  TCDD  may  be  a  threshold  carcinogen  dependent  on 
receptor-mediated  (ar>’l  hydroxylase)  binding  into  a  ligand-receptor  complex  for  all 
dioxin-induced  effects,  and  that  this  binding  is  rate-limiting.  Furthermore,  the 
complex  must  xindergo  activation  and  translocation  into  the  nucleus  as  a  prerequisite 
for  effect.  The  Agency  is  now  considering  lowering  the  slope  factor  by  two-fold,  which 
would  have  an  impact  on  the  ultimate  expression  of  risk.  At  this  time  of  report 
preparation,  the  IjRIS  file  on  TCDD  has  been  pulled  while  deliberations  are  imderway 
on  this  issue. 

As  recorded  in  Table  4.10,  the  level  of  confidence  in  the  studies  used  to  develop 
RfD’s  for  all  three  chemicals  can  be  highly  variable  for  a  great  variety  of  reasons 
having  to  do  with  the  quality  of  available  science.  No  level  of  confidence  is  presented 
for  TCDD;  levels  of  confidence  for  2,4-D  and  2,4,5-T  are  described  as  medium, 
creating  a  margin  of  uncertainty. 

Susceptibility  to  chemical  toxicity  among  potential  human  receptors  can  also 
be  highly  variable  due  to  preexisting  general  morbidity  of  residents  on  the  Island, 
particular  sensitivities  among  indiriduals  (e.g.,  pregnant  women),  and  such  other 
factor  as  genetic  predisposition  to  cancer. 

Determination  of  carcinogenic  risk  from  exposure  to  TCDD  is  typically 
amortized  over  a  lifetime  of  70  years.  While  exposure  for  the  current  scenario  was 
assumed  to  have  a  maximum  duration  of  25  years  (based  on  first  exposure  in  1972 
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and  paving,  excavation,  or  some  other  modification  to  the  site  in  1997),  for  some 
individuals,  lifetime  may  be  fewer  or  greater  than  70  years,  creating  an  element  of 
xmcertainty  in  the  risk  calculation. 

Section  4.0  included  a  discussion  on  the  toxicity  of  HO  as  a  mixture.  However 
there  is  insufficient  evidence  to  formulate  either  a  composite  KfD  or  additive  hazard 
quotients.  As  a  result,  any  synergistic,  potentiative,  or  antagonistic  effects  posed  by 
exposure  to  the  three  chemicals  in  combination  could  alter  the  benchmark  values 
used  to  calculate  risk.  These  toxicological  phenomena  could  not  be  accotmted  for  in 
this  analysis. 

Finally,  the  uncertainties  posed  by  dose-response  data  and  the  toxicity 
benchmark  values  derived  fi-om  them  for  the  determination  of  risk  are  compounded 
on  top  of  the  uncertainties  associated  with  exposure  assessment,  as  expressed  in 
Section  3.4.  Together  they  may  result  in  a  risk  determination  that  can  be  off  by  as 
many  as  two  orders  of  magnitude. 


132 


6.0  Ecological  Effects 


Johnston  Island  is  a  coral  atoll  occupying  626  acres  in  the  Pacific  Ocean, 
717  nautical  miles  southwest  of  Honolulu.  The  island  was  expanded  from  an  area  of 
60  acres  by  the  deposition  of  local  dredged  material  in  1942.  The  marine  ecosystem 
in  the  waters  surrounding  the  Johnston  Atoll  is  typical  of  a  diverse  tropical 
Indo-Pacific  reef  commiinity.  One  hundred  ninety-three  fish  species  and  164 
invertebrate  species  have  been  identified  (Amerson  and  Shelton,  1976).  The 
terrestrial  fauna  at  the  Johnston  Atoll  comprises  about  40  species  of  birds,  many  of 
which  brood  on  the  nearby  Sand  Island.  Relative  to  the  marine  commimity,  the 
terrestrial  ecosystem  is  less  diverse  since  the  island  is  arid,  only  seven  feet  above  sea 
level,  and  has  no  tropical  forest.  No  information  was  available  on  other  terrestrial 
fauna  and  flora.  Most  of  the  land  on  the  island  is  taken  up  by  a  9,000  foot  runway 
and  military  buildings  associated  with  the  chemical  agent  disposal  system  and, 
therefore,  woiild  provide  poor  habitat  for  most  species. 

As  part  of  the  investigation  of  contaminant  effects  at  JI,  this  section  describes 
the  sampling  and  analysis  o^  TCDD  in  sediments  and  biota,  analyzes  possible 
exposure  of  ecological  receptors  (fish,  invertebrates,  and  birds)  to  dioxin,  and  assesses 
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risks.  Risks  to  the  ecological  community  resulting  from  exposure  to  2,4-D  and  2,4,5-T 
have  not  been  assessed  because  these  substances  were  not  monitored  in  the  present 
study. 

6.1  Sampling  Data 

From  1985  through  1988,  sediments  were  sampled  from  four  areas  of  JI. 
Areas  1  through  3  are  near  the  inner  reef  in  the  vicinity  of  the  HO  site,  while  Area  4 
is  on  the  opposite  side  of  the  Island  (Figure  1).  While  a  total  of  38  samples  were 
collected  (Table  1),  only  26  were  identified  by  sampling  area.  In  Area  1,  dioxin  was 
detected  in  one  of  11  samples  at  a  concentration  of  160  parts  per  trillion  (ppt).  In 
Area  2,  dioxin  was  detected  in  one  of  seven  samples  at  a  concentration  of  190  ppt. 
Dioxin  was  not  detected  in  the  four  Area  3  samples  or  the  two  Area  4  samples. 

Samples  were  collected  from  a  variety  of  fish,  invertebrate,  and  bird  species 
from  1984  through  1989  (Table  2).  A  total  of  199  tissue  samples  (44  fish  species,  13 
invertebrate  species,  2  bird  species)  were  analyzed  for  dioxin.  Samples  of  aquatic 
species  were  collected  from  Areas  1  through  4,  Area  5  (iimer  reef),  and  Area  6  (outer 
reef)  (see  Figure  1).  Samples  of  birds  were  collected  on  land  near  the  Formal  HO 
Storage  Area. 

A  total  of  32/199  tissue  samples  contained  detectable  concentrations  of  dioxin. 
Frequency  of  detection  for  the  fish,  invertebrate,  and  bird  samples  from  each  area  is 
listed  in  Table  2.1.  Analysis  of  the  fish  and  invertebrate  tissue  data  is  complicated 
by  the  use  of  different  organs  (liver,  muscle,  and  unspecified  organs)  for  various 
samples.  In  addition,  differences  in  habitat  and  feeding  strategies  are  likely  to  result 
in  variable  uptake.  Nevertheless,  for  the  purpose  of  summarizing  the  data,  all  fish 
(whole  body,  muscle,  or  unspecified),  crab,  snail,  octopus,  and  sea  cucumber  data  have 
been  summarized  for  each  area. 
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A  total  of  three  bird  samples  were  anal3r2ed.  TCDD  was  not  detected  in  any 
of  the  samples  which  included  one  liver  sample  and  two  unspecified  orgein  samples. 

6.2  Toxicological  Profile  for  TCDD 

The  toxicity  of  dioxin  to  fish  and  wildlife  was  reviewed  by  Eisler  (1986). 
Dioxin  is  toxic  to  fish  at  low  and  sub-ng/L  levels  which  makes  it  one  of  the  most  toxic 
compounds  tested  in  aquatic  organisms.  Mehrle  et  al.  (1988)  reported  significant 
increases  in  mortality  and  decreases  in  growth  in  rainbow  trout  (Oncorhynchus 
mykiss)  exposed  for  28  days  to  0.038  ng/L  followed  by  a  28-day  observation  period. 
Recently,  Wisk  and  Cooper  (1990)  exposed  Japanese  medaka  {Oryzias  laiipcs) 
embryos  to  dioxin  beginning  on  the  day  of  fertilization  and  continuing  imtil  hatch  (11 
to  14  days).  A  statistically  significant  increase  in  the  incidence  of  lesions  occurred 
at  0.4  ng/L.  Eisler’s  (1986)  review  stated  that  the  highest  tested  concentration  that 
did  not  produce  adverse  effects  was  0.01  ng/L. 

Due  to  its  low  water  solubility,  estimated  at  less  than  20  ng/L  (Marple  et  al., 
1986),  releases  of  dioxin  to  the  aquatic  environment  tend  to  result  in  accumulations 
in  sediments  and  biota  (Eisler,  1986).  Eisler  (1986)  cited  studies  in  which  higher 
levels  of  dioxin  were  foxmd  in  bottom-feeding  versus  top-feeding  fish,  indicating  the 
likely  importance  of  sediments  as  a  source.  Dietary  uptake  may  also  contribute  to 
body  burdens  as  substantial  levels  of  dioxin  were  measured  in  fish  gut  contents 
(Young  and  Cockerham,  1985;  as  cited  in  Eisler,  1986).  Mehrle  et  al.  (1988) 
estimated  a  bioconcentration  factor  (steady  state  fish  muscle  concentration  divided 
by  water  concentration)  of  39,000.  Monitoring  studies  have  identified  measurable 
levels  of  di  oxin  in  field  samples  of  fish  and  crab  tissues  (e.g.,  Belton  et  al.,  1985;  Ryan 
et  al.,  1984).  Studies  in  New  Jersey  have  resulted  in  closure  of  the  Passaic  River  to 
the  harvesting  of  fish  and  shellfish  because  dioxin  v  as  frequently  found  in  fish  and 
crabs  at  concentrations  exceeding  the  FDA  levels  oi' concern  (Belton  et  al.,  1985). 
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Several  studies  were  found  linking  tissue  residues  with  toxic  effects.  The 
Mehrle  et  al.  (1988)  study,  which  reported  increased  mortality  and  decreased  growth, 
measured  mean  whole  body  dioxin  concentrations  of  0.74  ng/g  (=740  ppt).  Branson 
et.  al.  (1985)  exposed  rainbow  trout  to  0.107  ng/L  dioxin  for  6  hours  and  monitored 
elimination  over  139  days.  Dioxin  body  burdens  at  the  end  of  the  study  were  650  ppt 
in  whole  fish,  260  ppt  in  muscle,  and  2710  in  liver.  In  these  fish,  there  was  reduced 
growth  relative  to  controls  and  evidence  of  fin  rot.  The  embryo  exposure  study  of 
Wisk  and  Cooper  (1990)  reported  that  lesions  were  reported  in  embryos  containing 
240  ppt  dioxin. 

Dioxin  is  known  to  bioaccumulate  in  fish-eating  birds  (reviewed  by  Walker, 
1990).  Braune  and  Norstrom  (1989)  measured  dioxin  concentrations  in  herring  gulls 
{Lams  argentatus)  and  alewife,  which  comprise  a  major  portion  of  their  diet,  from 
Lake  Ontario.  Mean  whole  body  dioxin  concentrations  were  127  ppt  in  gulls  and  4 
ppt  in  fish.  A  biomagnification  factor  (whole  body  bird/whole  body  alewife 
concentration)  of  32  was  calculated.  Egg  levels  may  be  similar  to  whole  body  levels; 
mean  dioxin  levels  in  herring  gull  eggs  and  whole  body  tissues  were  83  and  127  ppt, 
respectively. 

EUiott  et  al.  (1989)  reported  that  population  declines  in  great  blue  herons 
{Ardea  herodias)  in  British  Columbia  coincided  with  a  tripling  of  dioxin  levels  in  eggs 
from  66  to  210  ppb.  These  researchers  cited  studies  in  which  colonial  waterbird 
population  declines  occurred  when  dioxin  levels  exceeded  2000  ppt  and  began  to 
recover  v/hen  levels  decreased  to  below  500  ppt.  These  field  studies  have  not 
established  causal  relationships;  controlled  laboratory  studies  are  required.  Eisler 
(1986)  cited  a  laboratory  study  in  which  chick  edema  disease  (pericardial, 
subcutaneous,  and  peritoneal  edema  accompanied  by  liver  enlargement  and  necrosis) 
occurred  in  domestic  chickens  fed  dioxin  at  1  or  10  ppb  for  21  days.  This  disease  was 
frequently  lethal. 


136 


6.3  Risk  Assessment 


Releases  of  HO  have  exposed  fish  and  invertebrates  and  possibly  birds  to 
dioxin.  Only  a  rough  estimate  of  risk  is  possible  given  the  limitations  of  the  data. 
When  possible,  risks  were  assessed  by  comparing  body  burdens  with  levels  associated 
with  toxic  effects. 

6.3.1  Aquatic  life 

The  highest  concentration  of  dioxin  was  reported  in  the  crown  squirrelfish. 
Squirrelfishes  tend  to  remain  close  to  the  bottom  and  do  not  travel  long  distances 
(Migdalski  and  Fichter,  1976).  These  behaviors  may  increase  their  exposure  to 
localized  sources  of  dioxin  in  sediments.  Out  of  four  samples  (three  Area  1;  one 
Area  2),  TCDD  was  detected  in  one  sample  firom  Area  1  at  352  ppt  and  in  one  sample 
from  Area  2  at  472  ppt.  These  concentrations  exceed  the  260  ppt  measured  in 
rainbow  trout  muscle  that  was  associated  with  decreased  growth  and  fin  lesions 
(Branson  et  al.,  1985). 

The  only  other  fish  species  with  concentrations  exceeding  100  ppt  was  the 
yellowfin  goatfish.  Three  samples  were  collected  in  Area  1,  where  concentrations 
were  11,  85,  and  102  ppt.  TCDD  was  not  detected  in  single  samples  of  this  species 
from  Areas  2  and  5.  Goatfishes  are  bottom  feeders  (Migdalski  and  Fichter,  1976), 
which  may  account  for  their  enhanced  body  burdens.  The  maximum  reported 
concentration  is  nearly  one-half  the  260  ppt  reported  as  toxic  by  Branson  et  al. 
(1985). 

Several  invertebrate  samples  were  detected  at  levels  between  14  and  28  ppt. 
The  only  invertebrate  sample  detected  at  greater  than  100  ppt  wms  a  "snails"  sample 
from  Area  2  measured  at  120  ppt.  No  data  linking  tissue  concentrations  with  effects 
in  snails  could  be  located. 
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Uncertainties  in  the  analysis  result  from  the  collection  of  a  small  number 
(usually  less  than  five)  samples  of  each  species  in  each  area.  In  addition,  in  some 
samples  either  the  species  or  organ  that  was  anal3T:ed  or  the  collection  site  was  not 
reported. 

6.3.2  Birds 

In  three  samples  of  birds,  there  were  no  detectable  concentrations  of  dioxin. 
Further  sampling  is  recommended  to  more  adequately  characterize  risks. 

6.4  Regulatory  Concentrations 

EPA  has  not  issued  ambient  water  quality  criteria  for  the  protection  of  aquatic 
life  from  exposure  to  dioxin  (F.  Gostomski,  EPA,  personal  communication, 
January  22, 1991).  FDA  advisory  levels  are  for  the  protection  of  human  health  rather 
than  aquatic  species.  No  sediment  quality  criteria  have  been  published  or  proposed 
for  dioxin. 
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7.0  Data  Requirements  Assessment 


The  EPA  (1989)  recommends  that  the  data  needs  for  the  RI/FS  be  addressed 
at  the  site  scoping  meetings.  Developing  a  comprehensive  sampling  and  analysis 
plan  (SAP)  during  the  scoping  meeting  allows  all  of  the  data  needs  for  the  RI/FS, 
including  the  risk  assessment,  to  be  met.  The  data  needs  are  identified  by 
determining  the  type  and  duration  of  possible  exposures  (e.g.,  acute,  chronic), 
potential  exposure  routes  (e.g.,  fish  ingestion,  dust  inhalation),  and  key  exposure 
points  (e.g.,  work  areas)  for  each  medium.  These  same  tj-pes  of  considerations  are 
also  important  for  the  ecological  risk  assessment.  Data  needs  may  have  to  be 
addressed  before  a  more  comprehensive  risk  assessment  can  be  performed. 

While  there  is  always  a  need  for  better  empirical  data  on  toxicity,  dispersion 
modeling,  and  general  methodologies  for  expressing  risk,  monitoring  data  is  usually 
site-specific  and  can  be  tailored  to  specific  features  of  the  site.  There  has  not  been 
a  systematic  effort  in  collecting  the  needed  monitoring  data  at  the  HO  site.  To  date, 
the  most  definitive  data-collection  actirity  has  been  the  soil  characterization  study 
by  Crockett  et  al.  (1986).  Data  that  can  be  obtained  to  convert  this  risk  assessment 
into  a  more  realistic  multimedia  approach  are  presented  below.  Many  of  these  needs 
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were  presented  in  the  trip  report  for  the  site  visit  (Appendix  C).  Although  the 
indicated  supplemental  data  collection  would  provide  the  complete  range  of 
information  needed  for  a  full  baseline  risk  assessment,  there  are  some  pieces  of 
information  that  are  more  important  than  others,  so  that  the  individual  needs  may 
need  to  be  ranked  in  priority  order.  This  may  preclude  the  necessity  of  having  to 
peiform  all  recommended  procedures. 

7.1  Air  Sampling 

The  risk  assessment  used  estimated  values  for  the  particulate  and  vapor  phase 
emissions  from  the  site.  Air  sampling  woxild  characterize  the  particulates  and  vapors 
coming  from  the  site.  Particle  size  distribution  will  enable  determination  of  the 
percentage  of  respirable  dust.  To  determine  the  wind  erosion  around  the  site  several 
Hi-Vol  samplers,  equipped  with  particulate  traps,  coxild  be  placed  downwind  around 
the  fence  line.  At  the  southwestern  fenceline  the  odor  of  2,4-D  was  detectable  during 
the  site  visit,  indicating  that  there  may  be  significant  vapor  emissions  from  the  site. 
Organic  vapor  phase  samplers  capable  of  collecting  dioxins,  2,4-D,  and  2,4,5-T  can  be 
placed  around  the  site  to  characterize  ambient  air  concentrations.  There  are  other 
potential  somces  of  dioxin  on  JI,  including  JAC  aDS,  the  bum  pit,  and  the  fire 
training  area.  Sampling  would  permit  source  apportionment  of  dioxin  from  each  of 
these  sites. 

7.2  Soil  Sampling 

The  characteristics  of  the  soil  can  have  an  influence  on  the  bioavailability  of 
dioxins  and  the  other  chemicals.  Soil  moistxire  content,  organic  content,  and  particle 
size  distribution  are  missing  elements  that  are  important  for  lowering  the  uncertainty 
in  the  soil  exposme  calculations.  It  was  originally  planned  to  vertically  sample  the 
TCDD  hot  spots,  but  sample  results  were  not  available  in  time  to  accomplish  this, 
and,  therefore,  some  hot  spots  were  missed  in  the  -vertical  soil  sampling.  These  hot 
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spots  coiild  now  be  sampled  vertically  for  all  three  compounds,  TCDD,  2,4-D,  and 
2,4,5-T.  Only  15  plots  were  sampled  for  2,4-D  and  2,4,5-T,  presenting  a  spacial 
distribution  for  these  compounds  inadequate  for  risk  assessment.  More  plots  could 
be  sampled  for  these  two  compoimds.  One  method  that  can  be  used  to  accomplish 
this  is  to  revisit  the  48  plots  that  were  originally  vertically  sampled.  These  48  plots 
could  be  sampled  for  all  three  chemicals  of  concern.  This  sample  design  would  have 
two  benefits:  (1)  better  knowledge  of  the  spacial  distribution  for  2,4-D  and  2,4,5-T; 
and  (2)  knowledge  of  the  fate  of  these  chemicals  over  time. 

7.3  Sediment  Sampling 

Channell  and  Stoddart  (1984)  found  positive  sediment  samples  near  the 
western  shore,  prior  to  construction  of  the  seawall  in  that  area.  This  area  could  be 
revisited  to  determine  if  the  seawall  is  performing  according  to  its  intended  function. 
More  sediment  samples  are  needed  to  better  characterize  the  spacial  pattern  of 
contamination.  A  grid  pattern  similar  to  the  soil  saunpling  protocol  would  help  to 
characterize  the  spacial  contamination  pattern.  These  samples  should  include  areas 
close  to  the  shoreline. 

7.4  Water  Sampling 

7.4.1  Seav/ater  Sampling 

No  seawater  sampling  has  been  conducted  off  the  former  HO  site.  The  U.S. 
Fish  and  Wildlife  (1987)  report  that  TCDD  le^'els  of  38  pg/1  are  toxic  to  fish.  Toxic 
endpoints  include  severe  adverse  effects  on  survival,  growth,  and  beha’rioral 
responses.  With  this  potency,  seawater  sampling  may  be  important. 


7.4.2 


Groundwater  Sampling 


The  groundwater  \mdar  the  former  HO  site  has  never  been  sampled  and  may 
be  a  vital  link  in  any  discovery  of  HO  site-related  fish  contamination.  Groundwater 
sampling  could  proceed  as  described  in  Appendix  C. 

7.5  Biological  Sampling 

More  sampling  can  to  be  performed  within  Site  3  to  determine  if  contaminated 
fish  are  in  this  area  No  biological  samples  have  been  analyzed  for  2,4-D  or  2,4»5-T. 
It  is  not  possible  to  assess  the  potential  impact  fi*om  fish  ingestion  for  these  two 
chemicals  if  this  analysis  is  not  performed.  Walsh  HI  (1984)  and  Randall  (1961) 
demonstrated  that  several  adult  fish  species  can  have  large  movements.  A  study 
could  be  performed  to  ascertain  if  these  migratory  fish  species  are  moving  firom  the 
waters  adjacent  to  the  former  HO  site  into  fishing  waters  (e.g.,  Zones  5  and  10  in 
Figure  3.1).  Sampling  and  analysis  of  fishermen’s  catches  can  be  easily  used  to 
determine  if  humans  are  consximing  contaminated  fish.  This  is  the  only  study  that 
would  demonstrate  if  the  fish  being  consumed  are  contaminated. 

7.6  Ecological  Risk  Sampling  Recommendations 

Further  field  investigations  may  be  needed  to  adequately  characterize  the 
ecological  risks  at  JI.  Any  additional  research  should  be  coordinated  with  the  work 
underway  by  Dr.  John  Inbelle  of  the  Woods  Hole  Oceanographic  Institute  in  support 
of  the  JACADS  monitering  program.  Additional  sampling  programs  could  be 
designed  so  that  statistical  comparisons  can  be  made  between  concentrations  in  the 
different  areas.  In  such  ’  n  investigation  sediment  sampling  would  be  expanded  to 
allow  better  characterization  of  the  spatial  pattern  of  contamination.  Biota  samples 
wotild  be  focussed  on  suedes  whose  behavior  may  lead  to  greater  levels  of 
contaasination  (e.g.,  bottcm  feeding  resident  spedes).  Organisms  that  are  important 
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parts  of  marine  food  chains  (e.g.,  small  invertebrates  such  as  marine  worms)  would 
be  sampled.  Based  on  the  available  data,  the  crcvn  squirrelfish,  yellowfin  goatfish, 
snails,  and  crabs  are  good  candidates  for  further  sampling.  Increased  sampling  of 
birds  may  be  required  to  determine  whether  populations  are  at  risk  due  to 
consumption  of  contaminated  prey  (e.g.,  fish  and  snails).  Sampling  could  focus  on  one 
or  two  bird  species  that  tend  to  be  localized  on  the  Island. 

Although  the  contaminant  studies  should  remain  focussed  on  dioxin,  it  would 
be  useful  to  examine  several  fish  samples  for  2,4-D.  This  compoimd  has  been 
measured  at  levels  as  high  as  281  ppm  in  soil  camples  on  the  Island  (Crockett  et  al. 
1986).  Although  it  is  not  bioaccumulated  to  the  same  extent  as  dioxin,  measurable 
residues  have  been  reported  in  fish  fi-om  lakes  treated  with  the  compoimd  (F rank  et 
al.  1987)  and  toxicity  data  are  available  (e.g.,  Cope  et  al.,  1970). 
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8.0  Summary 


Scope  of  the  study  and  physical  setting.  This  report  contains  the  results  of  a 
screening-level  risk  assessment  conducted  for  the  Air  Force  Occupational  and 
Environmental  Health  Laboratory  concerning  the  Herbicide  Orange  (HO)  storage  site 
at  Johnston  Island  (JI).  The  risk  assessment  is  part  of  the  remedial  investigation 
and  feasibility  study  (RI/FS)  process  established  by  the  U.S.  EPA  for  characterizing 
the  natiire  and  extent  of  risks  posed  by  hazardous  waste  sites  and  for  developing  and 
evaluating  remedial  options.  This  process  is  being  conducted  in  the  context  of  the 
U.S.  Department  of  Defense  (DoD)  Installation  Restoration  Program  (IRP). 

JI  is  currently  used  for  three  purposes: 

1.  In  the  late  1950’s  and  early  1960’s,  the  island  was  used  to  launch 
missiles  for  atmospheric  testing  of  nuclear  weapons.  During  1962,  three 
missile  aborts  caused  transuranic  contamination  on  parts  of  the  island. 
Launch  and  support  facilities  at  JI  are  maintained  in  a  caretaker  status 
in  case  testing  is  deemed  necessary  for  national  defense. 
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2.  JI  has  been  designated  as  a  chemical  warfare  destruction  site  and  the 
Department  of  the  Army  maintains  the  Johnston  Atoll  Chemical  Agent 
Disposal  System  (JACADS)  on  the  Island.  JACADS  is  involved  in  active 
thermal  destruction  of  CW  agents. 

3.  Johnston  Atoll,  including  JI,  is  a  National  Bird  Refuge,  largely  because 
of  bird  populations  on  nearby  Sand  Island.  Among  the  few  species  of 
animal  life  swimming  in  waters  off  JI  is  the  green  sea  turtle,  currently 
classified  as  an  endangered  species.  The  Island  is  also  tised  as  a 
chemical  munitions  storage  site. 

The  Island  is  inhabited  with  military  personnel  and  civilian  employees  of  DoD 
support  contractors.  The  tour  of  duty  for  military  personnel  has  generally  nm  1  to 
2  years.  Civilian  personnel  have  generally  been  on  the  Island  for  longer  periods  of 
time  (5  years  but  as  many  as  15  years  or  more).  No  children  reside  on  the  Island, 
although  there  is  a  potential  for  fetal  exposures. 

Site  characterization.  During  the  period  from  1972  to  1977,  JI  was  also  used 
for  temporary  storage  of  Herbicide  Orange  (HO).  A  total  of  1.37  million  gallons  of  HO 
in  26,300  fifty-five  gallon  drums  were  transferred  to  JI  from  South  Vietnam  in  1972. 
The  drums  were  stored  on  a  4-acre  site  on  the  northwest  comer  of  the  Island.  The 
HO  was  successfully  incinerated  at  sea  in  1977.  Corrosion  of  dnims  while  in  storage 
resulted  in  HO  leakage  at  a  rate  of  approximately  20  to  70  drums  per  week. 
Approximately  49,000  pounds  of  HO  are  estimated  to  have  escaped  into  the 
environment  annually  during  the  storage  period.  The  site  is  now  contaminated  with 
the  active  ingredients  of  HO:  2,3,7,8-letrachloro-diben2odioxin  (TCDD);  the  n-butyl 
ester  of  2,4-dichlorophenoxy  acetic  acid  (2,-1-D);  and  the  n-butyl  ester  of  2,4,5- 
trichloropheno.xyacetic  acid  (2,4, 5-T). 
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For  this  risk  assessment,  the  chemicals  of  primary  concern  are  TCDD,  2,4-D, 
and  2,4, 5-T.  The  site  is  bounded  by  a  seawall  to  the  west-northwest,  an  open  area 
and  storage  area  to  the  east-southeast,  a  roadway  to  the  south,  and  several  limited- 
use  operations  to  the  west:  a  transformer,  beacon  building,  Hi-Vol  sampler  associated 
with  JACADS,  fire  training  area,  and  bum  pit.  Access  to  the  site  itself  is  restricted 
by  a  fence  on  all  landlocked  sides.  Soil  on  the  site  is  contaminated  with  the  three 
chemicals  of  concern.  Soil  samples  taken  in  1986  contained  surface  residues  of  TCDD 
(nondetect  at  0.1  ppb  to  163  ppb),  2,4-D  (2.5  to  281,330  ppb),  and  2, 4, 5-T  (53  to 
237,155  ppb).  Soil  samples  also  contained  subsurface  residues  of  TCDD  (nondetect 
to  510  ppb),  2,4-D  (nondetect  to  365,202  ppb),  and  2,4,5-T  (nondetect  to  682,247  ppb). 
Measiirement  of  these  substances  in  air,  groundwater,  seawater,  and  sediments  have 
not  been  conducted.  Analysis  of  marine  biota  for  TCDD  has  revealed  residues 
ranging  from  nondetect  to  472  ppb.  Subsurface  soil  and  marine  biota  samples  were 
limited  to  the  point  of  greatly  confining  the  scope  of  the  exposure  and  risk 
assessments. 

Exposure  assessment.  The  potential  for  exposure  to  TCDD,  2,4-D,  and  2,4,5-T 
for  persons  engaged  in  activities  proximal  to  the  HO  site  is  dependent  on  nximerous 
factors  including  the  physical  setting  of  the  site  (i.e.,  climate,  vegetation,  soil  type, 
and  hydrology),  as  well  as  features  of  the  potentially  exposed  populations.  The 
frequency  and  duration  of  potential  exposure  depends  on  population  demographics 
and  human  activities  patterns  associated  with  land-use  arotmd  the  site. 

The  site  is  currently  not  in  use,  is  dormant,  and  has  limited  access  by  a 
surrounding  fence.  However,  potential  avenues  of  human  exposure  include 
volatilization  of  the  contaminants  into  the  air,  suspension  of  particle-associated 
compoimds  into  the  air  due  to  wind  erosion,  and  consumption  of  edible  marine  life 
that  have  become  contaminated  in  the  waters  adjacent  to  the  site.  For  purposes  of 
assessing  current  or  ’'baseline"  risk  from  exposures  related  to  the  HO  site,  only  the 
air  pathway  was  evaluated.  Wind  erosion  was  judged  to  be  non-significant  for  the 
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imdistvirbed  site,  whereas,  ingestion  of  contaminated  marine  biota,  while  considered 
plausible,  could  not  be  performed  to  due  the  lack  of  sufficient  data. 

For  exposure  through  the  air  medium,  important  human  activities  include,  but 
are  not  necessarily  Kmited  to,  occupational  operations  associated  with  the  seawall, 
the  electrical  transformer,  the  Hi-Vol  sampler,  the  beacon  building  in  the  immediate 
area,  the  fire  training  area,  the  rip-rap  area  used  as  a  boat-launch  site,  and  the  bum 
pit  at  an  intermediate  distance. 

Two  future  scenarios  that  would  alter  e.xposure  potential  from  that  presented 
by  ciirrent  land  conditions  which  were  considered  in  this  report  are:  (1)  remediation 
through  excavation;  and  (2)  covering  of  the  site  with  cement  For  purposes  of 
assessing  potential  inhalation  exposures  due  to  the  release  of  particle-associated 
compounds  resulting  from  future-use  activities,  emission  rates  were  estimated  for 
each  activity  (i.e.,  unloading  and  loading  of  contaminated  soil,  vehicular  traffic,  wind 
erosion)  within  each  scenario  (i.e.,  excavation  or  cement  cover  construction). 

For  both  vapor-phase  inhalation  potentially  occurring  during  the  current 
scenario,  as  v/ell  as  vapor-phase  and  particle-assodated  inhalation  potentially 
occurring  during  the  two  future-xise  scenarios,  expos\ire  was  estimated  for  the 
Theoretical  Most  Exposed  Individual  {T?/IEI),  as  well  as  an  Alternate  Most  Exposed 
Individual  (AMEI).  The  TMEI  was  assumed  to  have  access  to  the  entire  perimeter 
of  the  HO  site;  whereas,  the  AMEI  has  access  to  only  the  fenceline  (southern  side  of 
the  site). 

To  estimate  the  air  concentrations  (g/m^)  of  both  vapor-phase  and  particle- 
assodated  TCDD,  2,4-D,  and  2,4,5-T,  a  screening-level  atmospheric  dispersion 
modeling  analysis  was  conducted  to  estimate  one-hour,  eight-hour,  and  annual 
average  concentrations  of  these  compounds  around  the  perimeter  of  the  HO  site. 
These  predicted  air  concentrations  were  then  used  to  estimate  inhalation  exposures 
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and  lifetime  average  and  average  daily  absorbed  doses  to  the  TMEI  and  the  AMEI. 
The  estimated  absorbed  doses  where  then  used  to  assess  cancer  and  noncancer  risks, 
respectively. 

Toxicity  assessment.  For  noncardnogenic  toxic  endpoints,  TCDD  appears  to  be 
approximately  seven  orders  of  magnitude  more  potent  than  either  2,4-D  or  2,4,5-T, 
with  oral  RjD’s  of  1  x  10‘®,  1  x  10'^,  and  1  x  10'^,  respectively.  The  primary  critical 
effect  seen  for  TCDD  was  fetal  survival  and  the  secondary  critical  effect  seen  was 
renal  damage.  The  primary  critical  effect  seen  for  2,4-D  was  renal  damage  and  the 
secondary  critical  seen  was  hematologic  and  hepatic  effects.  The  RfD  for  2,4-D  was 
based  on  studies  producing  a  medium  level  of  confidence.  For  2,4,5-T  the  primary 
critical  effect  was  neonatal  survival,  and  the  secondary  critical  effect  was  increased 
urinary  coproporphyrin  excretion.  The  RjD  for  this  chemical  was  based  on  studies 
producing  a  medium  level  of  confidence. 

For  both  2,4-D  and  2,4,5-T  an  evaluation  of  their  carcinogenicity  cannot  be 
made  on  the  limited  animal  data  available.  TCDD  is  classified  as  a  B1  carcinogen 
when  associated  with  phenoxy  herbicides  and/or  chlorophenols.  In  animal  studies 
TCDD  has  been  shown  to  be  a  potent  carcinogen  with  an  oral  slope  factor  of 
1.56  X  10®  (mg/kg/day)'^.  Increased  incidences  of  cancer  have  been  observed  in  lungs, 
liver,  hard  palate,  and  nasal  trirbinates.  Epidemiological  studies  have  produced  only 
a  potential  correlation  of  an  increased  risk  of  soft-tissue  sarcomas  for  chemicals 
contaminated  with  TCDD. 

Human  health  risk  assessment.  Characterization  of  risk  based  on  the  results 
of  the  exposme  assessment  for  inhalation  of  vapor-phase  TCDD  revealed  that  current 
or  baseline  lifetime  excess  cancer  risk  associated  with  the  undisturbed  HO  site  was 
approximately  3  x  10‘®  for  both  the  TMEI  and  the  AMEI.  This  is  equivalent  to  3 
excess  cancer  cases  occurring  among  10,000  individuals  exposed  for  a  period  of  25 
years  during  their  lifetime.  TCDD-associated  estimated  cancer  risks  resulting  from 
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excavation  and  cement  cover  construction  activities  were  8  x  10'  and  2  x  10‘  , 
respectively,  for  both  the  TMEI  and  the  AMEI.  The  magnitude  of  these  cancer  risk 
estimates  are  within  the  Superfund  site  remediation  goals  (i.e.,  cancer  risk  range  of 
10**  to  10'^);  however,  it  is  plausible  that  additional  lifetime  excess  cancer  risk  may 
be  present  due  to  ingestion  of  contaminated  marine  biota.  This  exposure  pathway 
has  not  been  adeqioately  characterized  and  was  not  included  in  the  risk 
characterization. 

For  the  current  scenario,  noncancer  risks,  as  measured  by  hazard  quotients 
from  exposure  of  the  TMEI  to  TCDD,  2,4-D,  and  2,4, 5-T,  were  0.76,  0.0014,  and 
0.0015,  respectively;  whereas,  the  hazard  quotients  from  exposure  of  the  AMEI  to 
TCDD,  2,4-D,  and  2,4,5-T  were  0.76,  0.00051,  and  0.00095,  respectively. 

For  the  future  excavation  scenario,  noncancer  risks,  as  measured  by  the  hazard 
quotients  from  exposure  of  the  TMEI  to  TCDD,  2,4-D,  and  2,4,5-T,  were  0.52, 
0.00090,  and  0.0010,  respectively;  whereas,  the  hazard  quotients  from  exposure  of  the 
AMEI  to  TCDD,  2,4-D,  and  2,4,5-T  were  0.52,  0.00034,  and  0.00063,  respectively. 

For  the  future  cement  cover  construction  scenario,  noncancer  risks,  as 
measured  by  the  hazard  quotients  from  exposure  of  the  TMEI  to  TCDD,  2,4-D,  and 
2,4,5-T,  were  0.25,  0.00045,  and  0.00049,  respectively;  whereas  the  hazard  quotients 
from  exposure  of  the  AMEI  to  TCDD,  2,4-D,  and  2,4,5-T  were  0.25,  0.00017,  and 
0.00031,  respectively. 

Similar  to  the  cancer  risk  estimates  for  TCDD,  these  noncancer  hazard 
quotients  are  within  the  Superfund  site  remediation  goals  (i.e.,  less  than  1.0). 
However,  noncancer  risk  resulting  from  ingestion  of  contaminated  marine  biota  has 
not  been  evaluated. 
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Uncertainties  associated  with  this  analysis.  There  are  several  significant 
uncertainties  associated  with  soil  characterization,  exposure  assessment,  and  risk 
characterization.  The  two  fiiture-use  scenarios,  remedial  excavation  or  surfacing  with 
unknown  pretreatment,  are  hypothetical  and  not  necessarily  reflective  of  actual 
future  use.  Many  empirical  and  site-specific  assumptions  were  made  in  the  exposure 
assessment,  including  body  weight,  inhalation  rate,  pulmonary  deposition  rate, 
construction  vehicle  weight,  number  of  wheels  rolling  over  the  site,  duration  of 
excavation,  duration  of  the  soil  covering  activity,  physicochemical  features  of  the  soil, 
threshold  wind  velocity,  diffusion  and  air-soil  partition  coefficients,  and  spatial 
distr.bution  of  2,4-D  and  2,4, 5-T  on  the  surface  and  in  vertical  profiles.  In  addition, 
other  variables  were  imaccoimted  for  in  the  analysis.  They  include  population 
transience,  male/female  differences  in  exposure,  presence  of  other  isomers  of  dioxin 
and  other  chemicals  on  the  Island  and  prior  or  concurrent  exposures  to  them, 
atmospheric  transformation  and  soil  photodegradation  of  the  chemicals  of  concern, 
groTindwater  contamination,  and  potential  concurrent  exposures  from  JACADS. 

With  regard  to  toxicity  and  dose-response  parameters  associated  with  the  risk 
calculation,  vmcertainties  include  what  is  currently  a  rethinking  of  the  mechanism 
of  toxicity  of  TCDD  in  the  scientific  community  (which  would  affect  the  benchmark 
toxicity  value  used  in  the  risk  calculation),  medium  levels  of  confidence  in  the  RfD 
values  used,  and  the  potential  for  sensitive  individuals  and  those  with  preexisting 
morbidity  to  be  exposed  to  chemicals  at  the  HO  site.  In  addition,  the  assumed 
periods  of  maximum  exposme  (25  years)  and  lifetime  risk  (70  years)  may  be  incorrect. 
Lastly,  s)mergistic  or  other  toxicological  phenomena  caused  by  chemical  interaction 
are  unknovm. 

Ecological  risk.  A  limited  data  base  permitted  only  a  preliminary  ecological 
risk  assessment.  Sediment  sampling  indicates  several  locations  of  dioxin 
contamination.  Among  resident  fish  species  seunpled  at  the  site,  the  crown 
squirrelfish  had  the  highest  dioxin  levels  in  several  samples  (352  and  472  ppb). 
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These  concentrations  exceed  levels  reported  to  be  associated  with  toxic  effects  in  the 
rainbov?  trout.  Further  sampling  of  fish,  invertebrates,  birds,  and  sediments  is 
needed  to  characterize  the  spatial  pattern  of  contamination  and  to  assess  ecological 
risks. 


Needs  assessment.  There  is  a  fairly  large  uncertainty  associated  with  the 
calculation  of  human  health  and  ecological  risks  for  the  HO  site  because  of  a 
consistent  lack  of  appropriate  scientific  information.  It  is  recommended  that 
imcertainty  reduction  be  given  a  high  priority  in  any  future  activities  concerning  HO 
site  closure.  With  specific  regard  to  the  air  component  of  the  risk  assessment,  it  is 
recommended  that  particiilate  and  vapor-phase  concentrations  of  TCDD,  2,4-D,  and 
2,4,5-T  be  conducted.  Since  ambient  air  concentrations  of  these  chemicals  is 
dependent  on  soil  characteristics,  it  is  recommended  that  additional  soil  sampling  be 
performed  to  characterize  soil  moistme  and  organic  content,  particle  size  distribution, 
and  spadal  distributions  of  the  chemical  contaminants.  Sediment  and  water 
sampling  is  recommended  to  determine  which  medium  or  media  contain  the  potential 
source  of  the  fish  contamination.  Further  biological  sampling  is  recommended  to 
better  characterize  the  potential  for  human  exposure  to  contaminated  fish,  and  (as 
a  National  Bird  Sanctuary)  the  risks  to  the  avian  populations  on  the  Atoll. 
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INTRODUCTION 

Construction  of  the  Johnston  Atoll  Chemical  Agent  Disposal 
System  (JACADS)  project  has  been  completed,  and  operations  began 
in  June  1990.  The  potential  for  adverse  environmental  effects  is 
a  concern,  which  has  been  addressed  in  environmental  impact 
statements  (U.S.  Army  Corps  of  Engineers  1983,  1985).  This 
concern  has  led  to  a  number  of  studies  of  the  atoll's  surrounding 
environment  and  biota  (Applied  Eco-Tech  Services,  Inc.  1983; 
Balazs  1984;  Irons  et  al.  1984;  Lobel  1984,  1985;  Agegian  and 
Abbott  1985;  Dee  et  al.  1985;  Keating  1985;  Randall  et  al.  1985; 
Irons  et  al.  1986;  Irons  et  al.  1987,  1988,  1989).  Thera  have 
been  several  previous  studies  of  elements  of  the  Johnston  Atoll 
lagoon  flora  and  fauna  (Smith  and  Swain  1382;  Edmondson  et  al. 
1925;  Fowler  and  Ball  1925;  Clark  1949;  Schultz  et  al.  1953; 
Halstead  and  Bunker  1954;  Gosiine  1955;  Banner  and  Half rich  1964; 
Moul  1964;  Brock  et  al.  1965,  1966;  Buggeln  and  Tsuda  1966;  Jones 

1968;  Brock  1972,  1932;  Bailey-Brocx  1975;  Amerson  and  Shelton 
1976;  Jokiel  1976;  Maragos  and  Jokiel  1986).  A  systematic  survey 
of  the  nature  and  distribution  of  the  living  aquatic  resources  is 
of  particular  concern  because  of  the  status  of  Johnston  Atoll  as 
a  National  Wildlife  Refuge. 

The  first  portion  of  the  initial  study  (Irons  et  al.  1984) 
was  designed  to  characterize,  describe  and  evaluate  the  shallow- 
water  ecosystem  of  the  atoll  as  a  whole,  in  an  attempt  to  better 
assess  its  environment  and  resources.  This  included  identifying 
the  zones  or  "ecotypes"  (Fig.  10),  based  on  physical  and 
biological  similarities,  that  appeared  distinctive  within  the 
atoll  ecosystem  (Irons  et  al.  1984). 

The  second  portion  of  the  initial  study  (Dee  et  al.  1985) 
had  two  distinct  but  related  objectives:  1)  detailed  resource 
measurement  and  status  raonitori.ng,  and  2)  assessment  ot  the 
nature  and  level  of  har'/est.  Subsequent  work  during  Phase  Two 
(Irons  et  al.  1986),  Phase  Three  (Irons  et  al.  1987),  Phase  Four 
(Irons  et  al.  1988),  Phase  Five  (Irons  et  al.  1989),  and  the 
present  phase  (Phase  Six)  have  continued  wit.h  the  same 
objectives.  The  detailed  resource  measurement  and  status 
monitoring  is  intended  to  obtain  more  complete  and  quantitative 
abundance,  distribution,  and  population  c.haracteristic  data  for 
the  non-cryptic  macrofauna  within  a  representative  set  of  long¬ 
term  monitoring  stations.  Using  standardized  methods,  the 
resources  at  the  long-term  stations  have  bean  monitored 
periodically  to  detect  differences  in  the  resource  populations  as 
JACADS  progresses. 

To  the  extent  that  spatial  patterns  of  f ishinq/collecting 
activity  permit,  it  is  desirable  to  maintain  a  pair  of  physically 
and  acciogicaily  similar  stations,  one  with  a  fairly  high  present 
level  of  har'/est  and  one  with  a  low  level.  Differences  over  time 
in  the  un.har/ested  monitori.ng  station  will  reflect  changes 
unrelated  to  harvest  -  either  natural  variability  or  ohangaa 
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abundanca  and  distribution  of  cryptic  species,  such  as 
soidierfish  and  bigeyes.  Thase  wera  conducted  by  searching  all 
possible  hiding  places  vhare  cryptic  species  nay  be  found 
throughout  tvo  areas  of  900  each,  within  a  station. 

The  overall  area  characterization  consisted  of  a 
quantitative  estinate  of  percent  algal  and  coral  cover  (corals  by 
species) ,  invertebrate  abundances,  and  physical  characteristics 
of  the  station  area.  Over,. 11  characterization  nethcds  were 
basically  as  in  Irons  et  al.  (1984)  except  that  a  nuaerical  value 
was  assigned  for  bottoa  coverage  of  most  sessile  foms  (Appendix 
A)  . 

To  assess  the  fishery  at  Johnston  Atoll,  two  methods  were 
used:  1)  fishercen's  catc.h  reporting,  and  2)  creel  census.  The 

catc.h  reporting  prograa  was  started  in  February  1984,  and  has 
been  ongoing  t.hroughcut  the  project  whenever  fishing  was 
pernitted.  Boxes  containing  catch  report  forts  (Appendix  B,  Fig. 
1)  were  placed  at  the  six  most  frequently  fished  locations  on 
Johnston  Island:  port  control,  Hana  point,  Hashi's  shack,  the 
east  and  west  ends  of  the  main  pier,  and  the  boathouse  (between 
port  control  and  the  nain  pier)  (Fig.  1).  Catch  reports  provided 
information  on  species  and  numbers  of  animals  caught  and/or 
collected:  date,  tine,  and  location  caught/collected ;  amount  and 

types  of  gear  used;  hours  spent  fishing;  and  identity  of 
fisherman.  A  catc.h  report  was  requested  each  tins  anyone  did  any 
)<:ind  of  fishing  and/or  collecting,  even  if  t.here  was  no  catc.h. 

The  catch  report  format  was  designed  and  the  report  boxes  ware 
located  and  maintained  so  as  to  make  the  reporting  process  as 
simple  and  painless  as  possible  for  all  fishermen.  Consistent 
and  accurate  catc.h  reporting  was  constantly  stressed  by  Unit 
project  staff.  .Serious  declines  in  voluntary  catch  _  reporting 
during  the  report  year  ending  1987  resulted  in  the  impienentat.ron 
of  a  new  form  (Appendix  B,  Fig.  2)  combining  recreational  boat 
sign-out  procedures  with  a  mandatory  catc.h  report  to  be  filled 
out  upon  the  fisherman's  return.  A  serious  decline  in  JI 
shoreline  catc.h  reporting  during  the  report  year  ending  L9B9  mads 
this  shcraline  information  unusable.  Subsequently,  Unit 
personnel  and  Island  aanageaant  person.nei  have  been  unable  to 
determine  a  satisfactory  method  of  enforcing  mandatory  reporting 
of  JI  shore  c.atch.  As  a  result,  no  data  for  JI  shore  catc.h  will 
be  reported.  However,  Unit  personnel  continue  to  encourage  JI 
shore  catch  reporting  and  continue  to  collect  the  completed  JI 
shore  catc.h  forms. 

Crsal  census  was  performed  by  the  Unit  project  staff  on 
catc.has  made  by  fishermen.  It  consisted  of  recording  pertinent 
data,  such  as  numbers  of  each  species  caught,  weights,  lengths, 
and  sax  (if  discarnibla)  of  spacimans,  dabs,  gaar  used,  and  tha 
names  of  fisherman.  Catches  involving  the  use  of  boats  werta 
csnsused  at  tha  fcoathousa.  Qua  to  tha  wor,k  schedule  of  Johnston 
Atoll  paopis,  appraxim.ataly  70S  of  ail  fishing  occurs  on  Sundays. 
For  t.his  reason  craai  cansus  w,a3  routi.naiy  conducted  only  on 
Sundays.  This  allowed  a  significant  portion  of  tha  har’/oat  to  he 
examined  with  minimua  time  and  effort. 
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consideratily  reducad  the  negative  trend  in  "isean  total  nuafasr  per 
census"  (Table  3).  By  extension,  variability  of  recruitnant 
occurring  for  a  good  nany  species  eight  contribute  heavily  to  the 

overall  population  partem  observed. 

All  the  coBiuunity  analyses  coabined  shewed  no  c..ear  seasonal, 
variations  in  the  fish  conaunities  at  the  racnitoring  stations . 
However,  there  were  differences  in  the  fish  ccnnunities  between 
stations.  Stations  P3  and  P7,  which  arn  both  located  in 
different  habitat  types  froa  Stations  PI,  P5,  and  P6 ,  have  very 
differe.nt  fish,  connunities.  Station  P3  has  a  significantly  lower 
mean  nunbar  (as  decarained  by  paired  t-tests)  of  total 
individuals  obseirvea  on  the  fish  transect  censuses  when  coapared 
to  Stations  PI,  ?5.  and  P6.  In  sene  previous  phases  of  this 
study  and  in  the  present  phase.  Station  P7  has  had  a 
significantly  higher  nuaber  (as  determined  by  paired  t-tests)  of 
Ctenoebsetus  stricasus  and  Acar.thurus  niararis  juveniles  than  any 
other  station.  Station  PS  snowed  no  significant  dj...f erences  fron 
Stations  PI  and  P6  in  the  t-tests  and  dandregrans,  but  it  is  t.he 
only  place  where  the  whitscneek  surgeonfish  ( ^5.3 


alaueaaariaus)  is  seen. 

In  addition,  paired  t-tests  wars  performed  on  sene  species 
that  ara  ofte.n  inportant  in  the  catc.h  (i.e.,  MyTimg.Pl^  asSJUils. 
the  doublabar  qoatfish  f  Pseuduoeneus  ta  i  fas, c  J  >  ^*^8  xanybar 

goatfish  (£*.  tna  blue  goatfish  (£ju  , 

the  Saaoan  goatfish  (Hulloides  flavolineatus.) ,  the  red^Qri^sh 
f  Kvohosus  y3j,3Ll2IlS1.3. ]  ,  the  blue  jaeJe  iSiiXaiLa;  aslSiSIiySiS]  ,  the 
apautaciad  parrotfish  fScarua  latusJ  ,  and 

tr iosf gcud)  seen  at  Stations  P5  and  P6.  These  results  also 
showed  no  significant  differences  between  these  two  stations. 

The  lach  of  significant  differences  between  these  stations,  with 
similar  habitats  and  substantially  different  fishing  effort,  is 
consistent  with  t.he  hair/est  asseasnent  results  in  suggesting  that 
there  is  no  significant  impact  on  the  fish  communities  at 
Johnston  Atoll  froa  the  present  level  of  fishing. 


THE  FISHERY 


General  Characteristics 

All  fishing  at  Johnston  Atoll  (JA)  is  supposedly  fs 
racraationai  purpcaaa.  rha  naionty  of  tha  fishing  act 
a  ver/  largo  fraction  of  the  finfisn  catch  is  duo  to  loi 
"rasidants"  -  almost  ail  employees  of  Holmes  and  Har'-^er 
prima  contractor  for  JA  operations.  These  f Is.herrier.  fi. 
for  enjoynunt,  to  add  fresn  fia.h  to  their  disc,  and  to 
fis.h  to  tznmza  and  carry  noma  whan  they  take  hcaa  leave 
at  infrequent  intar'/als.  Tha  remainder  of  tha  catc.h  is 
"tranaiants"  -  parsonnol  atatlonad  for  one  to  two  years 
such  aa  militar'/  parsannai,  and  tha  eoployeas  of  variou 
contractors-  A®  »  rough  antimata,  320  boxes  of  frmten 
”axport3d'’  annually  for  hema  Laave.  Curing  years  of  go 
.sea’  fl-sning  conditions,  a  .oa-jority  of  those  boxes  r..ay  o 
dQ00  nmfi  fish,  pri.oarily  wapeo  f  3.2l’uTdXJ.) 

t.he'  "esoortod'*  fish  tarmxnates  i.n  Hcnoiuiu.  Tharn  ’-S  n 
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inforaat.ion  as  to  how  it  is  dispooed  of.  While  thara  ara  no 
suhsistanca  implications  to  tha' ccnsusption  of  fish  locally  at 
JA,  eating  frash  caught  fish  is  clearly  an  important  recreational 
and  social  activity  for  a  number  of  residents.  Thara  is 
apparently  little  waste  of  the  total  fish  catch.  Many  fishemsn 
give  fish  to  nonfisharmen  to  take  hcaa  on  leave.  There  is  no 
monitoring  or  control  of  "export".  Coral  and  gastropods  ara 
taken  by  both  residents  and  transients.  Disposition  of  these  and 
most  other  invertebrate  species  accaars  to  be  for  personal 
collections,  or  they  are  used  as  gifts  for  family  and  friends. 

The  following  is  a  brief  description  of  the  nature  of  tha  fishery 
for  soma  of  tha  species  (fish  and  invertabratas)  that  were  major 
items  in  tha  catch  whan  tha  study  began. 

MilliSTJLhjLlS  dtJiervus,  tha  most  common  of  tha  "menpachi", 
constitutes  the  largest;  catch  in  numbers  of  all  fish  species  at 
JA.  Large  numbers  of  this  soldierfish  ara  taken  by  fishermen 
throughout  tha  year.  Prime  areas  for  nighttime  line  fishing  for 
menpachi  include  Hama  point  and  Red  Hat  seawall  on  Johnston 
Island  (JI)  ,  as  well  as  at  tha  Sand  Island  pier  (Fig.  1) .  During 
the  day,  Large  numbers  of  menpachi  are  taken  by  spear  throuqnout 
Zones  5  and  10  (Fig.  10),  with  most  taken  in  tha  vicinity  of 
Station  ?S .  Ho  menpachi  are  taken  by  net.  Menpachi  fishing, 
like  most  fishi.ng  at  JA,  is  dona  almost  exclusively  by  rasidenrs. 
Most  menpachi  taken  is  used  for  local  get-togethers,  or  is  frozen 
by  fishermen  for  home  leave  export. 

Priacanrhus  c.r.iqntatU3  or  "aweoweo"  is  one  of  the  most 
prized  fish  species  at  JA.  Bigcyes  are  taken  at  night  by  line 
from  several  locations  on  Johnston  Island  -  main  pier,  Hama 
point.  Red  Hat  seawall  -  as  wall  as  from  the  Sand  Island  pier. 
During  t.he  day,  t.hey  arc  occasionally  taken  by  spear  throughout 
Zone  S,  with  most  of  these  taken  in  t-he  vicinity  of  Station  PS. 

No  aweoueo  are  taken  by  nat.  Aweowao  fishing  is  done  almost 
exclusively  by  residents.  They  are  taken  in  small  nuabocs  most 
of  the  year.  Occasionally  (only  a  few  times  a  year,  usually  in 
January  and  February),  they  ara  taken  in  large  nuribers.  When 
this  occurs,  many  fishermen  go  to  the  main  pier  at  n;sht  to  fish 
exclusively  for  aweeveo,  whicn  usually  bito  hoaviiy  for  one  or 
two  days.  Awvsoveo  ara  usually  frozen  for  home  leave  eicpart. 

or  "ahniehoio"  and  Chaer/; 

"UQUoa"  ara  taken  almost  exclusively  by  throw  net.  Scncais  of 
these  flaqtaii  and  auilat  freq'uent  the  shallow  rubble  flats 
around  the  s.noreiines  of  Ak.au,  Hiki.na,  and  Sand  Islands,  ancS 
occ.isionsily  Johnston  Isi.md.  There  are  a  few  regular  throw  net 
fisihnrmen  (all  residents)  who  t.akfj  t.hesa  species  in  large 
numbers.  Thus  small  c.h.angas  i.n  tha  fishing  activity  of  t.hesa 
fisbsrmer.  c.nn  prcdiaca  wide  fluctuations  in  tha  annual  catc.h 
figures  .far  theara  They  .irta  either  eatan  locally,  given 

to  oc.n.'irs,  or  fman  for  hor.n  leave  export. 

ilvT.aT.'lJ.'l  or  ‘’nenue"  are  taken  by  line  and  spear 

mostly  from  JI.  Rudderflr.h  taken  by  rasidents  art)  usu.ally 
consurnd;  thosa  t.aken  by  tr.e.ns i.ents  arn  considered  incid-ental 


c.atc.h 


sre  eit.her  un.ad  an  b.’sit  or  ara  returned  a.iivo. 


liili JdlC.d  illJklTlJjU  1 


'•wnkn'*  ara  t.aken  -using  all 


ge.'ir  types  -  Lina,  spaar,  -  fmom  shallows  around  ail 

isl...nd:3  .and  occas lon.a  1  ly  from  Zenn  5.  During  th.s  sutmur  months, 
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juvenile  uske  or  "cana"  ara  taken  in  lar^iO  nusibars  by  throw  nat 
from  the  shallows  around  the  islands-  Approxinataly  50%  of  all 
weke  taken  ara  oana.  Residents,  costly  throw  nattars,  take ^ the 
majority  of  vsks,  with  transients  takirsfj  stall  nirtbars  by  line 
fishing.  This  goatfish  is  satan  locally  or  given  away  for  home 
leave  export.  Juveniles  are  often  collectsd  for  use  as  bait. 

Psg.uduogneus  h i fascia or  "coano  papa"  is  a  prized  fish 
species  at  JA  and  is  taken  al'most  axclusivaiy  by  residents  by 
line  fishing  or  spearing.  Lina  fishing  for  moano  papa  is  dona  by 
boat  along  the  channel  edges,  primarily  the  nort.h  edge  of  the 
main  channel.  This  goatfish  is  taken  by  spear  throughout  Zones  5 
and  10,  mostly  from  the  vicinity  of  Station  P5.  Moano  papa  are 
usually  frozen  by  fisherman  for  thair  own  hema  leave  export. 

pseuduteneus  cvclosr.o-^ug  or  "moano  kaa"  ara  highly  prized  at 
JA.  A  large  part  of  the  catch  is  taken  by  residents  using  lines 
or  spears.  Host  moano  kaa  ara  taken  along  tha  edges  of  the  main 
channel;  many  are  also  taka.n  from  irubbla  shoreline  areas  around 
Johnston  Island.  This  goatfish  is  speared  throughout  Zones  5  and 
10,  wit.h  most  taken  in  t.he  vicinity  of  Station  PS.  Moano  kea  are 
usually  frozen  for  heme  leave  export. 

Pseuduceneus  mu  1 1 1  f  or  "moano"  are  taken  almost 

exclusively  by  residents,  py  line  fishing  along  the  channel 
edges,  with  same  also  taken  from  Jcn.nston  and  Sand  Island 
snoreiines.  This  goatfish  is  speared  throughout  Zones  5  and  10, 
wit.h  most  taken  in  the  vicinity"  of  Station  PS.  Most  moano  are 
frozen  for  home  leave  extort. 


Carank  meUmp.yaus  and  Forskai's  jack  (CarangpJjj^S 
orthooranmus) ,  known  locally  as  "papio"  (those  under  10  lbs.)  or 
"ulua"  (those  over  10  lbs.),  are  taken  mostly  by  residents  and 
some  transients  by  line  fishing  along  channel  edges,  or  from 
several  locations  on  Johnston  Island,  as  well  as  from  Sand  and 
East  Island  piers.  Thesa  jacks  ara  only  occasionally  taken  by 
spear,  usually  in  the  vicinity  of  Station  P5.  Host  papio  ara 
frozen  for  home  leave  export. 


residents  using  spears.  This 
Zones  S  and  10,  with  soma  also 
Island  snoreiines.  tJhu  are  pr 
frozen  for  home  leave  extort. 


"uhu"  ara  taken  predominantly  by 
parrotfish  is  speared  thrsugnout 
taken  around  Sand  and  Jc.hnatcn 
iz-ed  by  fishermen  and  are  usually 


AganthurUT  or  '’manini"  are  taken  exclusively  by 

residents  using  t.hrow  nnts,  or  spears.  About  40%  of  tha  total 
catch  is  taken  by  t.hrow  nets  arou.nd  t.ha  nhailcwa  of  ail  islands. 
Spearing,  which  accounts  for  the  remaining  50%  of  t.he  total 


ipearing,  wnic.u  lor  -ao  remaining  aw-*  uj. 

catch,  is  done  throug.hcut  Zonaa  5  and  10,  wit.h  most  fish  taken 
the  vicinity  at  Station  ?5,  This  surgaonfish  is  usually  eat.en 
local  gat-togetherm  or  givf'.n  to  others  for  homa  le.ave  ex]iort. 


in 

ac 


^  JW  f*  <1  , 


exclusive  ]. y 
from  Zonc53 


.IdJL'JJlS  or  "kola"  ara  takan  almost 
v-(  I V  by  residenrs,  practically  all  ara  tak-an  by  spsar 
n;-,  and  10,  primarily  in  tha  vicinity  of  Station  P'i . 
This  surgaonfish  is  also  eatan  locally  or  is  given  to  ot.hers  t; 
frea-a  for  homo  leava  oxcart. 

Ag.TTt'T-O  t-yrJihX-j.  or  ’’tabletop  coral"  is  frecruantly 
colicrcted  by  hand  by  bat.h  residents  and  transients.  Most  t\j. 
S'LrJlTTdia  cclonias  colloctnd  arn  -15-30  cm  in  diameter.  Thi.s 
coral  IS  commonly  used  far 


h-nv 
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cvtherga  is  taken  in  the  vicinity  of  Station  P5,  but  it  is  also 
taken  froia  other  locations  throughout  the  lagoon.  Other  species 
of  coral,  including  Pociliannra  so.  and  Hllleoora  are  taken  in 


much  smaller  nuahers  for  similar  purposes. 

The  red  coral  (Disrichocora  sp.)  is  prized  by  collectors  and 
is  primarily  used  for  decorarive  purposes  such  as  coral  boxes. 

It  is  taken  by  hand  throughout  Zone  4  by  both  residanrs  and 
transients.  It  is  somewhat  scarce  in  various  sections  of  Zone  4, 


especially  from  Station  P5  northward  toward  Station  P6  (Irons  at 
al.  1984),  but  is  abundant  in  areas  inaccessible  to  collectors 
(outside  the  barrier  reef) . 


The  mushroom  coral  ( Puna i a 
Lnscaslx  calamaris  /diadema i 


r?. 1  scutaria) ,  the  sea  urchin 
and  various  gastropods  such  as 


augers,  cones  and  small  cowries  occur  in  Zone  5  and  other 
locations  throughout  the  lagoon.  These  are  collected  by  hand  by 
both  residents  and  transients,  and  are  used  for  decorative 


purposes. 

The  tiger  cowrie  (Cvpraea  tioris )  is  prized  by  residents  and 
transients  and  is  used  for  decorative  purposes.  Cj,  tjsZkS.  is 
taken  by  hand  throughout  Zone  4 ,  mostly  from  the  reef-top  around 
and  between  Stations  P5  and  P6 .  It  is  somewnat  scarce  and 


scattered  throughout  Zone  4 . 

Octopus  sp.  or  ’’tako*'  are  prized  by  residents  and  are 
occasionally  found  in  the  rubble  of  shallows  along  the  shorelines 
of  all  four  islands.  Tako  are  speared  or  hand  coilectad  and  are 
usually  eaten  locally. 

The  spiny  lobster  (Panul ir*is  penicillatus)  is  taken  by  hand 
exclusively  from  Zone  4  and  is  highly  prized  by  both  residents 
and  transients.  Any  penicillatus  taken  are  usually  eaten 


locally. 

The  crab  (Grapsvs  sp.  )  is  collected  by  hand  and  eaten 
exclusively  fay  residents.  It  is  found  along  stretches  of  all  the 
island  shorelines.  Only  a  few  people  occasionally  collect  this 


crab. 

Many  other  fish  and  some  invertebrate  species  produce  small 
catches  of  some  minor  recreational  value. 


Correction  for  Underreporting  of  Catc.h 

The  basic  quantitative  data  used  to  estimate  catch  came  from 
fisherman's  catc.h  reports.  Thera  was  sufcstantiai  underreporting, 
and  adjustaants  wars  made  in  an  attempt  to  obtain  a  reasonable 
approximation  of  the  annual  catch.  Fishing  involving  use  of 
boats  includes  all  fishing  dona  on  and  around  Akau,  Hlkina,  and 
Sand  Island,  as  wail  as  all  fishing  done  directly  from  boats. 
Undarraporting  of  fishing  done  by  boat  was  astiaacsd  by  counting 
the  catch  report  forma  that  ware  turned  in  not  completed  by 
fisherman  who  used  boats.  (Catc.h  reports  are  now  located  on  the 
back  of  the  boathouse  "boat  c.hack-ouf*  records  (Anpendix  B,  Fig. 
2)  that  ara  filled  out  for  the  racraatlon  department  each  tima  a 
boat  is  usadi  .  Since  it  is  mandatory  for  everyone  who  checks  out 
a  boat  to  fill  out  the  catch  form  on  the  back,  a  single  estimate 
of  underreporting  was  calculated  for  ail  species  caugnt  using 
boats.  During  tha  currant  report  year,  771  of  ail  boats  that 


29 

175 


were  chacJod  our  for  fishing  reportad  on  catch.  Thus,  wa 
esriaated  that  77%  of  tha  catch  of  each  species  was  reported. 
Catch  data  recorded  froa  Ji  shora  fishing  vara  neither  analyzed 
nor  reported  because  there  is  no  lasans  for  estimating 
underreporting,  which  is  known  to  be  substantial. 


Annual  Catc.h  and  Effort 

The  total  boat  catch  of  eac.h  species,  for  tha  period  Jun  89 
to  May  90  (year  ending  1990),  corrected  for  underreporting,  is 
shown  in  Table  5,  including  major  gear  types  used  and  prinary 
location (s)  of  catc.h.  The  first  13  species  listed  were  those 
that  initially  provided  tha  largest  catches.  For  historical 
reasons,  this  group  continues  to  be  referred  to  as  the  "najor 
catch  species'*,  and  most  of  these  soecies  have  provided  important 
landings  in  most  years  of  the  study'.  In  the  last  few  years, 
catches  of  have  been  very  low  (zero  by  boat 

in  the  current  year)  ,  and  catc.hes  of  Carancoides  orthcara?Tmu.<^ . 

a ,  and  Oacaoterus  r.acare  1  lus  have  been  as 
high  as  many  of  th.e  "ma^or  catch  species'*. 


5.  E3tl«at««  {otJi  tmun  tEMit  eaten  of  an  r«n»rtM  in  th#  4A  ftjhenr,  inclusir*}  ira\oF  typM  of 

Mining  gaar  and  tocatiora  rf  eaten,  for  jtxi  59  •  nay  gg. 


EIS>I  SfSCJSs' 

roriL  >u«E!t 

CJUX,:<T 

nAJO! 

GEAa  TTPE^ 

VCrATICJIfS)^ 

Al 

at 

51 

PI 

P3 

24  210 

C» 

LA 

•fyncnitii 

33i2 

l<  Zf 

«l 

227 

2047 

490 

373 

Ctarcefiaatus  atrigoiua 

1201 

3« 

al 

PI 

HI 

383 

*eantnunv«  trlmsttvus 

&za 

g*  »T 

112 

321 

172 

VA 

CnfitTO®t,ijt  1  Uueiteva 

tw 

»T 

112 

372 

ia 

23 

1.1  »1 

43 

■to 

C4f8/V<I 

itj 

n  s? 

24 

110 

51 

ca 

.A 

im 

U  57 

A1 

n 

SI 

ca 

^UQirfnfS  f  1  ijytJi  f r-? 

la 

1.1  57  af 

3^ 

49 

51 

psrsniei  1 1  atum 

33 

57 

18 

210 

18 

r> 

57 

M 

32 

VA  ■ 

y  * 

fiaui’A.K.iyno'.d  et  f  tje i  a tus 

Wi 

VI  5» 

3* 

210 

zn 

VA 

jeiji  1 1  f «  »e  i  n  <  u« 

yi 

11  57 

Al 

al 

51 

C11 

WA 

»  an 

0 

* 

%(S{$r 

393 

VI  «r 

31 

3&i 

' 

137 

li  s? 

30 

102 

SI 

ca 

Ac  left  t  nun  jq 

24 

VI 

nr 

.. 

acisntni.^'3  mjnria 

14 

at 

lUl  1  IJIJa 

13 

II 

lA 

* 

A/.^toriv^ 

5 

VI 

lit 

2 

KT 

a| 

C  4t  ^  rrt  <  ^  f  rf  ^ 

2 

VI 

«( 

Irtjm 

2 

VI 

Ml 

30 

176 


r*bl*  5  (eantioaa). 


8EIITHIC  species' 

TOTAL  ALA^Ea 
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^  C4ar  »«Sr»wt*«iora: 

II  :  Lina 

S>  :  Po»«  «»*r 

X  :  A«ra  eottaetau 

Af  :  TArcM  net 


^  Location 
AI  : 
AI  : 
51  : 
PI  : 
Pi  : 
li  : 
ZIOi 

a  : 

U  : 
««t# 


MSorerittierai 
Sborallna  trvs/v  iiieU®* 
SRareltna  trxi/of  tnattSM 
Sftorel  ino  ensl/or  tnalloa 
Lortj'ttna  Station  PI  ana 
Long*t»ra  Station  Pi  ana 


“otsra  aroLna  atau  ItlBno 
wotara  artajas  alklrva  Itlanrt 
'••ters  trouTa  Sana  lit»^ 
oOjacant  iieiiar  araat 
•O/asant  siaiiar  araat 


loro  * 
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Itt  cfisrrall 

Clsaw’aro  m  JA  U^cwn  witfiln  ing  snttloa  oiatfora  atoll  area. 

:  far  wssstas  »itn  a  tv-iftatmtial  letai  nu<«c»r  cauont  In  awra  taan  om  location, 
♦«<CB  raior  locstien  it  tfxswi. 
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Sons  fishA.'.C  and  collecting  have  occurrsd  througJiout  all 
areas  of  tha  1^‘,,-jon  where  boat  usa  is  permitted  and  at  all  the 
islands  of  JA.  However,  there  are  a  nunber  of  locations  that  are 
fished  nuch  more  than  others - 

Trolling  and  botton  fishing  are  done  in  all  the  channels. 
About  93^-  occurs  along  the  north  edge  of  the  main  channel  and 
turning  basin  froa  Haiaa  point  around  JI  to  tha  garbage  chute. 
Catch  froa  the  channels  consists  prinaril/  of  Caranx  malanovpus . 
Caranaoides  o rt h c a r r. mu s  .  Pseuduneneus  multifasciatus ,  P . 
cvclostoaus ,  and  bl fascia run .  Thera  ara  only  a  few  fisharaen 
who  fish  this  araa  onca  and  occasionally  tvica  a  week. 

Another  location  that  racaivss  considarable  fishing  pressure 
fron  spaarf isharaan  and  coral  collectors  is  the  araa  batwasn  tha 
north  edge  of  Akau  Island  a.nd  the  barrier  reaf,  extending  from 
Station  P3  west  to  the  .N”??  corner  of  Akau  Island.  Very  little 
line  fishing  occurs  in  this  area.  Major  catch  species  are 
Hvripristia  amaenus,  Ct^aagcha»tus  stricosus.  Paeudupeneus 

2^  k.i,tSscij^^U3,  Acnnthu?.nis  and 

Priacantnus  c-njantatus .  Acrororg  evtherga .  O/praea  tigrig,  and 
Panul  Iras  csn:.cillaru5  are  the  primary  hand  collacted  species 
froa  this  area. 

Tha  area  in  Zar.e  10  between  the  west  edge  of  the  mai.n 
channel  a.nd  t.ha  barrier  reef,  extending  past  t.hs  west  camera 
s'.and  to  t.ha  SH  end  of  the  barrier  reaf,  receives  a  moderata 
amount  of  fishing  pressure.  Major  catch  species  taken  are 
Cteiiac]ia^_u_3  ,  Psaudup.gngus  bifasciatus, 

2-u  Acanthuns  tiiastaous,  and  SS.iirys 

perse icjv flatus ■  .Most  are  speared,  but  some  are  taken  with  lines 
from  t.ha  channel  edge  near  Station  ?3 .  The  reef  flat  immediately 
adjacent  to  t.ha  west  camera  stand  is  regularly  visited  by 
fishamen  looking  for  octopus. 

Tha  area  around  and  containing  Station  PI  is  occasionally 
visited  by  spearf isharman  and  collectors.  Major  catch  species 
from  this  area  ara  aJSiiSHiia,  Priacanthus. 

CtenochaetUh  str idosup ,  a.nd  Senrus  pgrspioillatup .  Lass  fishing 
occurs  here  during  winter  months  due  to  strong  surge  and  currents 
resulting  from  largo  surf  breaking  just  outside  the  reef.  Tha 
region  of  Zona  5  extending  from  Station  P5  to  PS  and  Donovan's 
Raaf  is  occasionally  visited  by  spearf isharman  and  collectors. 
Major  catch  species  from  t.his  araa  ara  Ctencchaetus  st,]Li.gi2a?lgl  and 
MvriPristis  s\.^*5L2rLl.LS •  Hand  collected  species  ara  CYp.i.,ig.a  513111.3/ 
EarnLLUZ-ia  UPdlASlLlmia,  and  sp. 

Various  locations  around  Johnsto.n  Island  receive  a 
considerable  amount  of  fis.hing  pressure.  Tha  main  pier  is  line 
fished  for  nis.iar3y.giL3/  siltLssiizsim/ 

.83r3,di.ig?Jl!LLri  c:igJ3gjLcr;.u.g ,  and  XUiJiy !  I  £i:ysnlLa5:.Ll  when  barga 

traffic  allows.  Tha  port  control  pier,  \’hic.h  formerly  was  line 
fished  for  cL'i^Jl.'SAaS.l.T  .ai'J3u3;i/  ia"  row  off  limits  to  fishing. 
During  tha  day,  .E^SlLdiiSSn.S’L'i  cvg..Lg3.i3ZlLS .  £*.  DlliJLLt5fl3LA!liia /  and 
occamiona.U7  ^p,  area  takan  primarily  by  line  along  tha 

shorall.na  f.rcm  tha  Point  houso  to  t.ha  southeast  corner  of  JI. 

aD'l.S.niL!i  and  ExVAXlUJUTLlh.  PXhLSniiLi'i.S  ara  taken  by  line 
and  ara  tha  r?,a;)ar  catc.h  species  from  Ha.m-a  point.  Throw  nets  are 
occasionally  used  along  tha  shoraline  from  Hama  point  to  tho  Hast 
point  to  taka  AXh-DiEJlIiLa  ISLyJlL3rjl3i. 
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At  night  the  Red  Hat  seawall  is  line  fished  for  MiSiEllSSia 
ajMMms,  the  big-scale  soidierfish  fHvripristis  bamdti^  ,  and 
fisliasansim  cmentatus .  Hashi's  shach  is  line  fished  for  the 
needlefish  (  areal  us  ^  and  Scams  p  a  r  s  t  LC-lLl  a  tu  s .  The 

gray  reef  shark  (Carcharhinus  amhlvrhvnchos)  is  also  occasionally 
taken  by  military  personnel  using  handlines  from  Hashi's  shack 
and  Hama  point.  The  white-tipped  reef  shark  ^Triaanodon  obasus) , 
which  was  formerly  caught  at  these  sites,  is  now  protected  by  an 
regulation.  The  garbage  chute,  formerly  a  popular  fishing 
site,  has  been  condemned  due  to  structural  damage  by  a  storm. 
Fishing  previously  done  at  the  garbage  chute  is  now  done  at 
nearby  Hashi's  shack  on  the  west  wharf.  However,  soma  shark 
fishermen  have  been  frequenting  the  garbage  chute  again. 

Sand  Island  also  receives  some  line  and  net  fishing 
pressure.  At  night  the  pier  is  line  fished  for  Mvritristis 
^nd  Fr,l.acan.thus  cruentatus .  Caranx  malanovcms  and 
O-fth ooxamnu s  are  occasionally  taken  there  also. 

During  the  day,  throw  nettars  take  Acanthurus  triostecus.  Kuhlia 
macslXiSia,  and  leuciscus  from  the  shorelines  around 

the  east  pare  of  Sand  Island. 

Akau  and  Hikina  Islands  are  frequented  by  throw  nettars 
taking  ASSHSiHlEiS  triosteati<=; ,  Chaenomuail  leuciscus ,  Kuhlia 
S13XSJLc.a£^<  ^od  MuLLaid^S  f  lavol  ineatus .  Psaudupeneus 

Si-gams  HlgJLainbVcus ,  and  Carancoides  orthocram|r|\!|a  were 
also  taken  by  line  from  the  Hikina  Island  pier.  These  islands 
are  off  limits  for  all  human  visitation  most  of  the  year  due  to 
the  large  numbers  of  nesting  seabirds  there. 

Weather  peraitting,  all  the  locations  above  are  easily 
accessible  to  fishermen.  Locations  in  Zone  5  are  somewhat  lass 
accessible  due  to _ occasional  strong  currents  and  surge.  The 
areas  around  Stations  Pi,  P3 ,  P5  and  P6  are  visited  primarily  by 
divers  spearing  and/or  hand  collecting.  Very  little,  if  any, 
line  fishing  occurs  at  or  near  these  areas.  The  channel  areas 
arc  fished  almost  exclusively  using  lines,  with  some  spearing 
occurring  along  the  c.hannei  edge  near  Station  P3 .  Line  fishing 
from  shore  on  JI  is  done  at  all  the  locations  mentioned  above. 
Thera  is  a  low  level  of  throw  netting  on  JI  done  by  a  handful  of 
regular  fishermen. 


A  more  detailed  breakdown  for  annual  catc.h  of  the  13  "major 
catch  species'*  is  presented  in  Table  6.  Catc.h  was  separated  by 
gear  types.  Catch,  effort,  and  catc.h  per  unit  effort  (CPUE)  were 
calculated  for  each  situation. 
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T461«  6.  Eittfsatis:  arrxal  boat  '  eaten,  tffsrt,  ard  eaten  pjr  uiit  effort  (C?UE3  of  tn»  13  "Jaior 
eaten  sbceies*  in  tne  jA  fishery  for  the  psricsa  jui  39  •  Way  ?C,  breken  cSsen  by  sssr  tr,-w. 
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Catch  and  effort  ware  highly  variable  asiong  spaciee,  and  for 
most  species,  they  ware  highly  variable  over  tias.  Most  of  the 
C?UE  values  for  individual  species  frota  tha  year  ending  1990  ware 
generally  within  the  range  of  the  corresponding  values  fron  tha 
previous  years  of  vha  study  (Table  7).  Howavar,  all  tha  CFUZ 
values  were  highly  variabla  with  no  clear  trends  between  the 
years. 

Total  catch  has  varied  considarably  over  tha  6  years  of  tha 
study  (Table  7)  as  well  as  the  subtotals  by  each  type  of  gear 
(Fig.  11-13) .  No  particular  taaporal  pattam  is  raccgnizable. 
However,  for  cost  of  tha  total  tina  sarias  for  each  gear  typa, 
tha  pattern  of  fishing  effort  corraspands  rather  closely  with 
that  of  catch.  _  Thax'sfora,  CHJ2,  which  is  soaatiras  used  as  an 
indicator  of  fish  abundanca,  iu  much  less  variabla  than  catch. 
CFUE  for  each  gear  type  is  considarably  more  stable  for  all 
species  cembinsd  than  for  moat  single  species.  It  shows  no 
.-aaaningful  temporal  trend  for  any  of  tha  gear  types.  CFUE's  for 
spearing  and  netting  (Fig.  11-12 \  saaa  to  vary  randomly  above  and 
below  their  initial  values.  The' CPUS  for  line  fishing  (Fig.  13) 
decreases  irregularly.  These  temporal  patterns  and  the  limited 
range  of  CPUS  values  far  eac.h  gear  typa  suggest  that  t.ha  year-to- 
year  fluctuations  in  catc.h  primarily  reflect  fluctuations  in 
effort. 

Effort  and  CPUE  nay  have  been  noticeably  affected  by  some 
observable  shifts  in  the  fisherman's  fishing  patterns  in  recant 
years.  Several  of  tha  "resident"  fisherae.n  have  retired  and  left 
JA  in  the  past  two  years.  Othar  "resident"  fisherman  have  stated 
that  they  have  been  "taJeing  a  break"  from  fishing  and  have  only 
gone  fishing  a  few  tines  in  tha  past  two  years.  Competition  by 
increasing  numbers  of  "transient"  SCUBA  divers  (who  seem  to  catc.h 
little)  for  tha  use  of  the  limited  supply  of  boats  at  JA  appears 
to  have  reduced  the  amount  of  productive  effort  by  experienced, 
skilled  fisharmen.  Other  fisharmsn  new  to  JA  have  been  replacing 
the  oldar  "resident"  fisherman  in  tha  fishery,  but  these  new 
fisherman  do  not  seam  to  catch  as  much  as  the  "resident" 
fishermen  did.  A  decrease  in  CPUS  m.ay  have  resulted,  especially 
where  consistent  li.na  fishaxoann  have  left  JA  for  good.  Tha 
"resident"  fishery  has  been  shifting  to  mostly  a  few  groups  of 
spear  fishermen.  Consequently,  some  of  the  species  previously 
caught  mostly  by  lina  fishing  vrera  collected  in  low  numbers  this 
report  year,  while  sema  of  the  spaar  catches  ware  high.  Ovsrall, 
there  are  now  fewer  fishsman  vdio  catch  a  high  volume  of  fish. 
Inconsistant  reporting  of  catch  and  effort,  months  of  bad  w..3sther 
(especially  in  the  years  ending  1935  and  1936),  as  well  as  tha 
home  leaves,  travel  and  work  schedules  of  "rasidant"  fishermen 
all  can  hava  significant  effects  on  this  small  fishery. 

Clearly  thsra  ara  soma  unracolvad  anomalisa  in  the  catch  and 
effort  data.  However,  all  tha  catc.h  and  effort  data  together  do 
not  produce  any  consistent  trends  that  would  indicate  any  major 
changa  in  abundanca  of  the  rauident  fi.shad  populations. 
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Uturl  (throw  net -hours) 


C?L'£  (fisli  per  ttirow  net 


Cdlcl)  (itumber  of  fish) 
fffuit  (line-hours) 


Figurs  13.  History  of  eaten,  effort  and  eaten  per  unit  effort  (CPUS) 
of  all  species  caueint  by  line  fining  {using  scats)  over  tne  '"ull 
course  of  the  study. 
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Fish  Population  Characteristics  Based  on  Creel  Census 

Sons  basic  descriptive  statistics  for  11  of  the  "najor  catch 
species'*  wars  calculated  froa  the  creel  census  size  data  using 
SAS  (version  5.16)  on  the  University  of  Hawaii's  aainfraaa  iBIi 
3031  conputer  (Table  S) .  Only  species  with  70  or  more  speciaans 
exaainsd  in  creel  census  (from  Feb  8 1  to  May  90)  were  analyzed. 
Table  8  shows  a  sunnary  of  the  data,  as  weJl  as  length-weight 
regression  aquations  generated  for  each  species,  and  the  size  at 
first  reproduction  for  sone  of  the  specie, •».  Figuras  14-24  are 
histograms  of  the  standard  lengths  (SL)  and  weights  of  the 
individuals  exanined  fron  Feb  84  to  May  90.  Appendix  G  contains 
frequency  tables  of  SL  and  weights  for  the  species  shown  in  these 
histograms. 

Most  of  the  catch  was  of  a  fairly  large  size.  The  absence 
of  very  suall  individuals  and  the  presence  3f  ssvaral  ascending 
size  classes  below  the  mode  probably  refl.  ct  selection  for  larger 
individuals  by  the  gear  and  fishing  techniques  However,  very 
snail  individuals  of  any  species  were  rarely  seen  in  cansussa  or 
surveys.  At  body  sizes  above  the  mode,  strong  selection  by 
fisheraen  for  larger  individuals  of  fjj.  awaenus  appears  to  produce 
a  distribution  that  may  be  much  different  from  the  natural 
papulation  at  large  (Fig.  14).  For  some  species,  the  descending 
lisb  of  the  distribution  curve  (to  the  right  of  the  mode)  is 
rough  (perhaps  because  of  linited  sample  size) .  However,  there 
seaas  to  be  no  reason  to  believe  that  this  portion  of  the 
distributions  is  far  from  representative  of  the  natural 
populations  in  most  cases,  a  cluster  of  large  outliers  of 
ailAIsmiim  {fig.  19)  is  produced  by  the  efforts  of  a  few 
fisherman  specif ically  targetting  large  size  classes. 

Few  cases  of  multiple  modes  appear  clearly  in  any  of  the 
histograms.  None  of  the  data  sera  in  their  present  condition 
appear  promising  for  detecting  cohorts  for  age  or  mortality 
estimation.  Ho  adequate  data  for  size  frequency  are  available 
from  areas  with  low  fishing  effort  for  comparison  with  thas®  data 
(which  cane  primarily  from  the  more  heavily  fished  areas). 

The  sizes  at  first  reproduction  (SFR)  for  six  of  the  11 
species  shown  in  Table  8  ware  taken  from  the  results  of  other 
investigators  working  in  the  Hawaiian  Islands.  Ho  estinataa  were 
available  for  the  SFR  of  pjriacanthus  crugntaruh,,  Caimigqj^^ 
aisJiaaxisssi-iS/  ssxmsiMii,  and 

SlU-SnSiailSAl  No  data  were  available  from  JA  for  tha 

SFR  of  any  species  except  Mvrioristis  amaenus  (Dee  1986).  but  It 
seems  uniikaiy  that  any  are  greatly  different  from  Hawaiian 
populations . 

Tha  nuabor  of  fish  caught  and  examined  in  creel  census  was 
inadequate  to  do  many  types  of  fishery  analyses.  Tha  results 
prasantad  hera  ara  thus  somewhat  limited,  but  they  are  adaquata 
in  light  of  tha  low  level  of  catc.h.  Since  there  has  been  no 
sustained  and  significant  incraasa  in  fishing  effort  since  the 
baginning  of  tha  pro^ecr.,  ail  tha  basic  daacriptiva  data  takan  to 
date  will  sejn/e  as  a  useful  baselina  for  comparison  with  saaplea 
taken  after  any  future  ma-jor  onanqes  in  fishing  effort.  Tha 
fraqtvency  distri-butions  of  the  eaten  spaciss  will  ba  especially 
useful  if  fishing  prassure  significantly  increasas  at  JA, 


41 

187 


42 

183 


130-150  160  170  180  190  2C0  210  220  230  240  250  260  270 
Stanaard  Length  (mm) 


40  50  120  160  200  240  230  320  360  400  440  430  520  560  600  640 


Ws!  Weight  (g) 


Fig.  15.  Frequency  histograms  of  standard  lengths' (mm)  and  wet  weights  (g)  of  £. 
C£U£  craal  cansusad  bsrwaen  Feb  84  and  May  90.  TTie  means  (x)  represent  t 
anihmetic  average  of  all  data  taken  dunng  this  penod. 
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ATOLJL-WIDS  ESTI?1A7ES  OF  FISH  POPULATICNS  MID  CATCHES 

Hough  atoll-7^id(8  population  estlrsatea  for  10  ot  tha  13 
’•wajor  catch  spacioa'*  ara  preiienterf  in  Tabla  9,  coiujsn  1  {Deo  at 
al.  1935).  (For  tha  rossaining  throo  "tiajor  catch  spaciea”,  data 
wero  insufficient  to  arrive  at  rHaacnahia  atoil-vido  estimates.) 
Using  thes«  population  entisiates,  tho  percent  of  t.ha  opaciaa 
population  caught  annually  for  the  year  ending  1990  was 
calculated  and  ccnparsd  to  that  Cor  the  yearn  ending  1SS9,  13Sa, 
1387,  1986  ind  13S5  (Tabla  9,  caiuon  3). 
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Tjt&ia  9.  carcenta  of  ssaci**  !X»jt*tler3  caii^nt  Ajm.allv  frca  toat*  for  ta»  trairsg 

<Jm  39  •  «8V  90),  1939  (Jui  63  -  nav  £9),  1733  (j..,,  £7  .  ««•/  63),  1937  {Jlti  64  •  Kav  47), 

1935  (Jua  <33  -  Wsrr  Si),  c'd  1933  &i  .  n^y  45)_ 
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STATUS  OF  STOCKS 


Harvested  Species 


The  har'/ent:  eir.sesrir'.t^nt  shews  that  few  species  were  taken  in 
sirabla  nun^aers  and  th.yc  tma  annual  catches  this  past  year,  as  in 
previous  years,  wore  insignificant  cenpared  to  the  astir, latad 
stand  stocks  of  tha  raapoctiva  specii?.3  (Table  9)  . 

Hors  !iyxinjt.A.T.t-.lT  arc  caught  than  any  other  spiacies 

at  JA.  However,  this  catch  estinat.a  is  quita  soall  cocoarsd  to 
tha  total  population  figure  (Tabin  9,  which  is  undo'ubtadly  an 
underastinata  for  this  cryptic  spitcies)  .  In  tha  year  ending 
1935,  of  the  1.33  neaaured  spocionna  caught  frca  shora  by  Linen, 
appro3ji.cataly  93";  worn  beiew  tha  ■..-..'iXinua  SFH  (Daa  et  ai.  1333)  . 

Mo  individuals  caught  by  Una  fishing  frca  shore  w«re  eh.aoinhd  in 
the  years  ending  13'iS,  1333,  1333  .and  1990.  In  the  year  ending 
1937,  of  ths  30  h®>a3i:r'?.d  individuals  caucht  frca  shore  by  lines, 
90^  w-i^re  baiev  the  naxinucj  SF'A.  ;<r.'ong  .taasursd  specinena  in  tha 
spearsci  eaten,  about  of  tha  ir.dividuaia  v/arc  balov  the 

ran;<it!u:a  SF9;  in  tha  ysnrs  ending  1933  (r.^SOO)  ,  1935  (n«54),  and 
1987  (n«100);  abo-at  wars  b.sicv  in  1938;  about  :59  in  1933, 

and  nona  wars  below  i,t  logo.  This  result  is  consistent  with 
visual  absar/ations  of  individual  sits  rnngaa  at  tha  Icng-tara 
atatiens.  51  ' 

th-a  maxi, tut  -9 

of  tha  study,  tha  t.ctal  .itoj.i  popu 
the  proTJ.ant  l^sv"'?!  at  ha.r'/nnt, 

Tharo  ara  no  population  sits 

O  IT  ^  '  -  ^7 


t.'.a  taking  of  individuals  frca  tha  lagoon  boloy 
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sisailar  usa  of  shoreline  habitat.  No  quantitative  surveys  or 
censuses  were  dona  in  these  habitats  to  provide  population 
estimates.  Nat  fishing  for  these  species  occurred  less 
frequently  this  year  than  during  the  previous  thraa  years.  In  the 
absence  of  othar  data,  little  can  be  said  about  the  status  of 
these  stocks  except  that  the  absolute  catch  values  do  not  seem 
extremely  high  for  an  area  of  the  general  size  of  JA. 

No  information  on  SFH  ia  available  far  Kvrihosua  vaioignsis . 
SaliSLisism  Sca^Jis  oersoiclllatus.  or 

s^2llsa§tS*  All  their  catches  are  insignificant  compared  to  their 
respective  populations. 

Based  on  the  available  Hawaiian  values  for  SER,  our  data 
suggest  that  approximately  30%  of  felX-S-SGiltyj.* ,  1% 

oJ  Ru  SYSiSSSSims  /  3%  of  are  caught  at 

sizes  below  thair  respective  maximum  SFH  (based  on  data  for  ail 
six  years  coiabined) , 

The  total  number  of  Egj^iduneneus  multifasoiatus  caught 
annually  is  not  significant  compared  to  the  estimatad  standing 
stock  (Table  9).  Only  one  of  the  Zj.  multifasciatus  caught  waa 
below  the  SFR  for  females,  but  the  male  SFR  falls  in  the  range  of 
sizes  caught  most  frequently .  Approximately  87%  of  the 
mu  1 1 i f a s.g,i.atU-S.  catch  is  below  the  maximum  male  SFTl  value. 

About  82%  of  the  Caran:^  melamnvqus  catch  is  below  the 
maximum  SFR  value.  However,  most:  of  the  individuals  seen  at  the 
monitoring  stations  were  much  larger  than  the  SFR.  This  seems  to 
be  due  to  the  occasional  presence  of  small  schools  of  small 
individuals  feeding  near  the  piers  of  the  islands  where  they  are 
especially  vulnsrafala  to  catch.  The  annual  catch  is  very  small 
compared  to  the  standing  stock. 

When  the  12  "major  catc.h  species"  arc  considered  as  a  group, 
the  small  size  at  captura  of  some  species  seems  to  offer  sons 
potential  for  concern  if  tha  catch  levels  were  to  increase 
greatly.  In  agraasant  vfith  the  results  of  tha  five  previous 
phases,  at  present  lavaia  of  effort,  thara  appears  to  be  very 
little  impact  on  atoll  fish  populations  as  a  result  of  fishing 
pressure. 

The  mandatory  catch  reporting  system  incorporated  during  tha 
1938  rspori"  year  has  resulted  in  higher  rsperting  rates  (coaparad 
with  thoss  of  prsviou.s  years)  of  invssrtnb rates  that  previously 
w<ant  largely  unreportad.  Tha  catches  of  most  species  of  coral  and 
of  total  coral  declined  from  last  year,  but  comparisons  with 
years  prior  to  that  would  bo  raislsading  dun  to  tha  substantial 
reduction  in  undarraporting  of  boat  catches  that  has  rssultad 
from  tha  mandatory  reporting  systaa.  Howaver,  tha  ralativoiy 
small  portion  of  tha  atoll  accessible  to  coral  cnilactora  as  wail 
as  the  abundance  of  corals  saka  it  unlikely  that  th® 

populations  of  thasa  species  will  bo  thrsar.aned.  A  large 
majority  of  the  coral  populations  (especially  3p., 

which  is  found  primarily  in  tha  reatrictod  area  outside  the 
barrier  rsef)  lie  outside  t.ha  areas  whom  rscraational  diving  is 
porraittad.  ”n  addition,  tha  dlurnaliy  cryptic  habits  of  most 
molluska  popular  with  shall  collectors  ara  sufficient  to  prevent 
overcallaction  at  th®  present  low  levels  of  fishing  pressura.  In 


•Estioatad  from  SFR  for  tS.&UA!d.SiS.U^im  IS.3.^03ll'IZ51U . 
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spits  of  hignar  levels  of  reporuSvi  catches  coinparsd  with  report 
years  1985-S7,  tha  aajor  invsrtahrata  catch  species  (coral, 
caphalopods,  gastrcpcds,  crustacaano,  and  echinodams)  continue 
to  ba  collactad  in  insignificant  nunbers  conparad  to  thair 
resoactivs  abundances. 


Protected  Sped  'S 

Protected  species  occurring  at  JA  are  ths  threatened  green 
ssa  tur\.la  ( and  tha  endangered  Hawaiian  laonk  seal 

.  Turtles  ara  tost  oftan  found  in  tha 
vicinity  of  Zones  li  and  12.  This  is  tha  araa  where  thair  major 
food  sGurca,  tha  algae  spp.),  occurs  in  abundanca. 

Turtles  ara  also  seen  cccasicnaily  throughout  the  lagoon  and 
channel  areas.  Ona  turtle  was  censused  in  April  1986  at  Station 
PS.  Hawaiian  monk  seals  have  been  seen  occasionally  by  residents 
at  various  locations  threughuut  JA  over  tha  past  several  years. 

In  Novanbar  193-5,  nine  male  monk  seals  wars  brought  to  JA  from 
Laysan  Island.  At  last  report,  none  of  these  monk  seals  appears 
to  have  remained  at  JA;  tha  last  retorted  sighting  was  in  the 
suHuaer  of  1936,  Mast  of  the  othar  monk  seals  have  not  bean  seen 
sines  shortly  after  their  arrival. 


DEEP  SEA  .'•ISHING 

Although  tha  scope  of  this  project  and  report  Cccusnss  on  tha 
lagoon  and  shal.lov  piatfom  vatars,  a  brief  discussion  of  tha 
fishery  for  pelagic  spacios  of  tha  deep  waters  surrounding  tha 
atoll  as  a  whole  will  coaplatn  tha  picture  of  atoll  fisharieo. 

Deep  sea  f,i:"hing  at  JA  is  dona  from  savaral  landing  craft  -”13  ra 

long  (known  locally  as  'klika  boats-),  operated  by  port  centre:! 
personnel.  All  deep  saa  fishing  is  for  rsersationai  purposAaa  and 
i.*}  dons  on  veokends  only.  ona  or  two  "Mika  boats"  with  fiva  to 
savon  residents  and/or  transient  parsonnoi  each,  go  out  Saturday 
and  Sunday  (vvsat.hsr  parmitting)  for  three  to  four  hours.  Table 
10  pr2s?!nts  rough  annual  catch  estiuatas  for  tha  fish  spocioa 
occurring  in  tha  daau  soa  catch  during  Jun  39  ”  Kay  90  (1990), 

Jun  83  “  Hay  as  (1933),  jun  37  -  Hay  S3  (1983),  Jun  36  -  Hay  37 
(1937),  Jun  33  -  Hay  So  (138',),  and  Fab  34  -  Hay  03  (1903),  biased 

on  catch  reports  and  cro-al  cansus.  Little  ti-ua  and  effort  was 

spent  c-Ilacting  catch  data  for  thong  trips.  Tha  data  sot  is 
sraall,  and  no  underreporting  estimata  was  sada  for  these  danp  sea 
catchos.  Although  thara  in  broad  dscraaaing  trand  In  tha 
©otimated  da.rp-nna  catch  ov^r  the  period  of  Table  10,  in  tha 
ab'sanen  af  effort  data,  littia  can  bi>  said  about  changaa  in  the 
lacsi  abundance  of  thesa  sp-^cias.  Tha  hasp  son  catch  ”at  JA  is 
U3:3--3ntihiJy  .Independent  of  tha  Lageau  and  its  fishliig  act.ivity, 
Thora  is  prc'jably  little  or  nothing  that  JA  resource  canagafanc 
can  do  that  v/:.ll  affect  thnuu  sp-scia?.  significantly. 


bebly  littl 
will  affect 
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T^ie  10.  Estizato  of  eaten  of  fesg  enc  sezcioa  (»xsas?rsct®d  fen  vrsisfrtssrtlrsj). 
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SUMMARY 

Environinsntai  studies  in  tha  lagoon  at  Johnston  Atoll 
continued  through  tha  project  year  in  an  attaiapt  to  detect  any 
effects  of  JACASS  activities  (including  any  increasa  in 
recreational  fishing)  on  tha  marina  eccsystam.  Established, 
long-term  stations  were  monitored  by  visual,  underwater  censuses 
of  fish  and  invertebrates.  Catch  and  effort  of  tha  recreational 
fishery  ware  raonitorad  by  use  of  catch  reports  completed  by 
fisheraen  and  by  direct  observation  of  fishing  activity.  Samples 
of  tha  catch  were  examined  to  dsteraine  species  and  size 
composition. 

Of  tha  five  stations  censused,  tha  three  that  appeared 
visually  to  provide _ similar  habitat  (Stations  PI,  P5,  and  P6)  had 
similar  fish  conmunitiaa,  even  though  Station  PS  was  much  more 
heavily  fished  than  tha  physically  very  similar  Station  PS, 
Stations  P3  and  P7 ,  which  appaarad  visually  different  in  habitat 
from  each  other  and  from  the  preceding  stations,  had  distinctly 
different  fish  communities.  Rasul ts  of  analyses  by  both 
similarity  index  and  paired  t-tssts  indicatad  thaso  rasults. 
Similarity  index  analysis  indicatad  relatively  high  levels  of 
similarity  within  each  station  over  tha  six  yaars  of  tha  study, 
suggesting  that  activitias  related  to  JACADS  davaiopasnt  had  not 
made  a  dstactabls  change  in  thosa  fish  communities.  Tha  tiaa 
ssriaa  of  population  aiza  as  estimated  by  census  was  analysed  for 
temporal  brands  by  two  mathcds  of  corralation/regression.  It 
seems  liXaly  that  there  has  been  a  decreasing  trsnd  in  tha  total 
number  of  fish  and  in  tha  nunbars  of  a  good  many  species  ovar  the 
six  years  of  tha  study.  Tha  changes  do  not  saram  associated  with 
fishing,  and  thera  is  no  evidanca  to  link  them  with  any  othur 
human  activity.  It  seems  likely  that  this  is  a  natural 
phanomanon,  parhaps  related  to  variability  in  r®cruitas3nt.  Th® 
availabla  data  on  this  apparently  natural  variability  provide  a 
vaiuabia  bassiina  for  caasparison  with  c.hangas  in  fish  populations 
that  may  occur  in  tha  future. 

FourtS'Ssn  fish  species,  octopus,  and  a  few  species  of 
decorative  coral  mad®  up  the  bulk  of  tha  racrastional  fishery.  A 
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few  daccrativa  shelled  aollusc  spades,  lobstars,  and  occasional 
other  invartsbratas  wars  also  collected,  as  wail  as  a  few 
individuals  of  many  othar  fish  species.  Cctparing  years  was 
difficult  because  of  variable  underreporting  of  catc.h  and  effort. 
However,  there  saarsad  to  be  no  evidence  of  significant  or 
consistent  increase  in  either  total  catch  or  effort  over  fha  six 
years  of  tha  study  (despite  a  tora  than  three-fold  increase  in  JA 
huiaan  population  at  naxinua)  .  Host  transient  changes  in  catc.h 
saesa  to  ba  e>rpiainsd  by  corresponding  c.hangas  in  effort.  For  all 
tha  major  fish  species  caugnt,  tha  total  annual  catch  was  stall 
coaparsd  to  the  estimated  size  of  tha  species  pcpuiation. 
Continued  fishing  at  levels  observad  during  tha  study  is  unlikely 
to  affact  tha  fish  populations  seriously.  Increases  reportad  in 
tha  1989  catc.h  of  several  invartabratas  (a.g.,  corals,  shelled 
molluscs,  octopus)  may  reflect  an  artifact  of  reporting  by 
fishermen.  Catches  of  tost  of  thasa  species  declined  sotawhat  in 
the  prasent  year,  but  the  brand  will  bear  watching  in  future 
years. 
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Tha  serious  prcblet  with  cotplianca  by  boat  fishermen  with 
tha  catch  reporting  system  during  the  year  ending  1937  has 
largely  been  rotsdisd.  Handatoi-y  catch  rsportir.g  was 
incorporated  into  tha  sign-cut/ return  procedure  for  rscraational 
boat  usa  in  the  year  ending  1933,  and  the  rsguirenent  for 
reporting  all  types  of  animals  caught  was  stressed.  Catch 
estimates  for  tha  past  two  years  based  on  boat  catch  reports  are 
baiisv-ad  to  ba  reasonably  accurate;  tha  loss  of  data  from 
previous  years  is  irreparable  and  will  continue  to  hamper 
analysis  and  intar-pratation  cf  taaporal  trends.  It  is  essential 
that  compliance  with  reporting  rarpiiramcnts  for  all  catch  ba 
maintained  high  in  order  t.hat  t.hu  studies  on  tha  fisher/  can 
produce  meaningful  results.  This  iscixn  must  racaiva  the 
necassary  attention  and  contin'iing  affective  supervision  by  JA 
management  if  the  project  is  to  succo'-id. 

During  tha  project  year,  it  becama  clear  that  conplianca 
with  reporting  of  shoraiina  catch  and  effort  had  datariarstad  to 
tha  paint  that  tha  data  w?5ra  not  raliabla  for  sa.'cing  th 
quanritativa  aystimatas  unaful  for  nanagosant  dscisions. 
Coapiianca  by  fisharmsr.  cannot  ba  enforced  by  project  s- 
it  is  not  fossiblu  far  project  staff  to  collect  tha  data 
directly.  In  rssponsa  to  cur  ratjort  of  this  status,  JA 
administration  indicatad  that  they  would  not  enforoa  compiiancia 

■  vs  catch  and/or  affoi-t 
quantitative  analysis  in 
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TABLiE  B-1.  Estimated  1-Hour  Average  Concentrations  of  Vapor-Phasa  TCDD  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site. 


Coordinate 

(m) 

Y  Coordinate 
("mj 

1-Hour  Average 
Concentration 
(g/m^) 

0.000 

0.000 

0.10869E-05 

0.000 

6.096 

0.71606E-06 

0.000 

12.192 

0.15821E-05 

0.000 

18.238 

0.92511E-06 

0.000 

24.384 

0.13211E-05 

0.000 

30.480 

0.11776S-05 

0.000 

36.576 

0.17014E-05 

0.000 

42.672 

0.89331E-06 

0.000 

48.768 

0.12986E-05 

0.000 

54.864 

0.10935E-05 

0.000 

60.960 

0.10394E-05 

0.000 

67.056 

0.23507E-05 

0.000 

73.152 

0.72389E-05 

0.000 

79.248 

0.25512E-05 

0.000 

85.344 

0.66S81E-05 

0.000 

91.440 

0.23620E-05 

0.000 

97.536 

0.19363E-05 

0.000 

103.632 

0.17130E-05 

0.000 

109.723 

0.19697E-05 

0.000 

115.824 

0.126S3E-05 

0.000 

121.920 

0.12411E-05 

6.096 

121.920 

0.S2771E-06 

12.192 

121.920 

0..7923E-05 

18.233 

121.920 

0.25317E-05 

24.384 

121.920 

0.13754E-05 

30.480 

121.920 

0.33187E-05 

36.576 

121.920 

0.65311E-05 

42.672 

121.920 

0.703S7E-05 

48.768 

121.920 

0.41036E-05 

54.864 

121.920 

0.33110E-05 

60.960 

121  920 

0.42264E-05 

67.056 

121.920 

0.64511E-05 

73.152 

121.920 

0.53638E-05 

79.248 

121.920 

0.34911E-05 

85.344 

12 1.920 

0.46393E-05 

91.440 

121.920 

0.2S861E-05 

97.536 

121.920 

0.667S4E-05 
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TABLE  B*l.  Estimated  l-Kour  Average  Concentrations  of  Vapor-Phase  TCDD  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site.  (Continued)  _ 


Coordinate 

(m) 

Y  Coordinate 
(m) 

1-Hour  Average 
Concentration 

103.632 

121.920 

0.27536E-05 

109.72S 

121.920 

0,67676E-05 

115.824 

121.920 

0.2714SE-05 

121.920 

121.920 

0.54310E-05 

128.016 

121.920 

0.22306E-05 

134.112 

121.920 

0.526S5E-05 

140.208 

121.920 

0.20922S-05 

146.304 

121.920 

0.47859E-05 

152.400 

121.920 

0.16793E-05 

158.496 

121.920 

0.40241E-05 

164.592 

121.920 

0.23911E-05 

170.688 

121.920 

0.73955E-05 

176.784 

121.920 

0.26016E-05 

182.880 

121,920 

0.77590E-05 

188.976 

121.920 

0.27115S-05 

195.072 

121.920 

0.10147E-05 

195.072 

115.824 

0.29191E-05 

195.072 

109.728 

0.8447SE-05 

195.072 

103.632 

0.32479E-05 

195.072 

97.536 

0.81633E-05 

195.072 

91.440 

0.27307E-05 

195.072 

85.344 

0.51753E-05 

195.072 

79.248 

0.21901E-05 

195.072 

73.152 

0.5297SE-05 

195.072 

67.056 

0.18375E-05 

195.072 

60.960 

0.10187E-05 

138.976 

60.960 

0.20641E-05 

182.880 

60.960 

0.48S7SE-05 

176.784 

60.960 

0.1724SE-05 

170.688 

60.960 

0.45996E-05 

164.592 

60.960 

0.37120E-05 

158.496 

60.960 

0.93241E-05 

152.400 

60.960 

0.36129E-05 

146.304 

60.960 

0.93482E-05 

146.304 

54.864 

0.33913E-05 

146.304 

48.768 

0.34357E-05 
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TAB.LE  E-1-  Eatimated  1-Hour  Average  Concentrations  of  Vapor-Pnase  TCDD  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site.  (Continued)  _ _ 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


1-Hour  Average 
Concentration 


146.304 

146.304 

146.304 

146.304 

146.304 

146.304 

146.304 

146.304 
140.208 
134.112 
128.016 
121.920 
115.S24 
109.723 
103.632 

97.536 

91.440 

85.344 

79.248 

73.152 

67.056 

60.095 

54.864 

48.763 

42.672 

33.573 

30.480 

24.334 

13.233 

12.192 

6.096 


42.672 

0.1415SE-05 

36.576 

0.34726S-05 

30.480 

0.24876E-05 

24.384 

0.2409SE-05 

18.288 

0.14316E-05 

12.192 

0.20S72E-05 

6.096 

0.27S77E-05 

0.000 

0.32758E-05 

0.000 

0.25537E-05 

O.COO 

0.10083E-04 

0.000 

0.39054E-05 

0.000 

0.85703E-05 

0.000 

0.3162SE-05 

0.000 

0.71675E-05 

0.000 

0.28354E-05 

0.000 

0.781S6E-05 

0.000 

0.32782E-05 

0.000 

0.67743E-05 

0.000 

0.26083E-05 

0.000 

0.73547E-05 

0.000 

0.27275E-05 

0.000 

0.62408E-05 

0.000 

0.22S22E-05 

0.000 

0.19447E-05 

0.000 

0.15307E-05 

0.000 

0.40S23E-05 

0.000 

0.17S03E-05 

0.000 

0.45009E-05 

0.000 

0.19206E-05 

0.000 

0.13S45E-05 

0.000 

0.S0730r:-0S 
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TABLE  B-2.  Estimated  1-Hour  Average  Concentrations  of  Vapor-Pnase  2,4-D  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site. 


1-Hour  Average 


X  Coordinate 
(m) 


0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

o.oco 

0.000 

0.000 

0.000 

6.096 

12.192 

18.288 

24,384 

30.480 

36.576 

42.672 

48.763 

54.864 

60.960 

67.056 

73.152 

79.248 

85.344 

91.440 

97.536 


Y  Coordinate 
(m) 


0.000 

6.096 

12.192 

18.288 

24.384 

30.480 

36.576 

42.672 

48.768 

54.864 

60.960 

67.056 

73.152 

79.248 

85.344 

91.440 

97.536 

103.632 

109.728 

115.824 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 


Concentration 

(g/m^) 


0.19477E-02 

0.39631S-02 

0.26655E-02 

0.97173E-02 

0.70420E-02 

0.25542E-01 

0,67S56E-01 

0.26382E-01 

0.67592E-01 

0.25488E-01 

0.69852E-02 

0.96678E-02 

0.26252E-02 

0.46039E-02 

0.19071S-02 

0.55104E-02 

0.33685E-02 

0.40676E-02 

0.60926E-02 

0.21389E-02 

0.612S8E-02 

0.60058E-02 

0.49756E-02 

0.30086E-02 

0.67717E-02 

0.25632E-01 

0.18519E-01 

0.67457E-01 

0.18052E+00 

0.67357E-01 

0.17853E+00 

0.67353E-01 

0.18427E-01 

0.25551E.01 

0.66975E-02 

0.29347E-02 

0.49055E-02 
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TABLE  B*2.  Estimated  1-Hour  Average  Cones 
Receptor  Locations  (x,  y  Coordinates)  Around  the 
Site,  (continued) 

intrations  of  Vapor-Phase  2,4-D  at 
Perimeter  of  the  Herbicide  Orange 

X  Coordinate 

Y  Coordinate 

1-Hour  Average 
Concentration 

(m) 

(m; 

(g/m^) 

103.632 

121.920 

0.593SSE-02 

109.728 

121.920 

0.60642E-02 

115.824 

121.920 

0.56506E-02 

121.920 

121.920 

0.50112E-02 

128.016 

121.920 

0.43325E-02 

134.112 

121.920 

0.37016E-02 

140.203 

121.920 

0.31521E-02 

146.304 

121.920 

0.2637  /  E-02 

152.400 

121.920 

0.23038E-02 

158.496 

121.920 

0.4057iE.02 

164.592 

121.920 

0.20113E-02 

170.688 

121.920 

0.24965E-02 

176.784 

121.920 

0.13524E-02 

1S2.SS0 

121.920 

0.16539E-02 

188.976 

121.920 

0.19454E-02 

195.072 

121.920 

0.19422E-02 

195.072 

115.824 

0.15301E-02 

195.972 

109.723 

0.15036E-02 

195.072 

103.632 

0.19604E-02 

195.072 

97.536 

0.21416E-02 

195.072 

91.440 

0.17412E-02 

195.072 

85.344 

0.13755E-02 

195.072 

79.248 

0.14653E-02 

195.072 

73.152 

0.251S5E-02 

195.072 

67.053 

0.13646E-02 

195.072 

60.960 

0.14306E-02 

188.976 

60.960 

0.12030E-02 

182.880 

60.960 

0.14350E-02 

176.784 

60.950 

0.20222E-02 

170.633 

60.960 

0.1S035E-02 

164.592 

60.960 

0.22019E-02 

158.496 

60.950 

0.33033E-02 

152.400 

60.950 

0.4  /  1  2Dr.-02 

146.304 

60.950 

0.5S  437E-02 

146.304 

54.854 

0.21440E-02 

146.304 

48.763 

0.63571E-02 
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TABLE  B-2.  Estimated  l-Hour  Average  Concentrations  of  Vapor-Phase  2,4-D  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site,  (continued) 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

1-Hour  Average 
Concentration 

146.304 

42.672 

0.14449E-02 

146.304 

36.576 

0,63571E-02 

146.304 

30.430 

0.17778S-02 

146.304 

24.384 

0.53435E-02 

146.304 

18.288 

0.12571E.02 

146.304 

12.192 

0.50959E-02 

146.304 

6.096 

0.18491E-02 

146.304 

0.000 

0.2o943E-02 

140.208 

0.000 

0.52016E-02 

134.112 

0.000 

0.29S61E  02 

128.016 

0.000 

0.1922.5E02 

121.920 

0.000 

0.S6733E-02 

115.824 

0.000 

0.2016iE-02 

109.72S 

0.000 

0.9095SE-02 

103.632 

0.000 

0.28467E-02 

97.536 

0.000 

0.93074S-02 

91.440 

0.000 

0.1276QE-01 

8S.344 

0.000 

G.626S9E-02 

79.248 

0.000 

0.32600E-02 

73.152 

0.000 

0.62469E-02 

67.056 

O.GOO 

0.n6S6£-01 

60.096 

0.000 

0.9n77E‘02 

54.364 

0,000 

0.23482E-02 

48.763 

0.000 

0.90952E-02 

42.672 

0.000 

0.22533E-02 

36.576 

0.000 

0.86766E-02 

30.480 

0.000 

0.1S236E-02 

24.384 

0.000 

0.30140E-02 

18.288 

0.000 

0.52274E-02 

12.192 

0.000 

0.27159E-02 

6  096 

0.000 

0.17363E-02 
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TABIJS  E-3.  Estimatad  l*Hour  Average  Concentrations  of  Vapor-Phase  2,4,5-T  at 
Receptor  ILocations  fx,  y  Coordinates)  A-roiind  the  Perimeter  of  the  Herbicide  Orange 
Site.  _ 


1-Hour  Average 

Coordinate 

Y  Coordinate 

Concentration 

(m) 

(m) 

(g/m^) 

0.000 

0.000 

0.40993E-02 

0.000 

6.096 

0.30514E-02 

0.000 

12.192 

0.51275E-02 

0,000 

1S.288 

0.1813SS-01 

0.000 

24.384 

0.13190E-01 

0.000 

30.480 

0.475S3E-01 

0.000 

36.576 

0.12670Er00 

o.oco 

42.672 

0.4a20SE-0l 

0.000 

48.768 

0.12590E-00 

o.coo 

54.864 

0.47446E-01 

0.000 

60.960 

0.l303oE-01 

0.000 

67.056 

0.18007E-01 

o.uoo 

73.152 

0.501S6E-02 

0.000 

79.248 

0.536a9E-02 

0.000 

85.344 

0.397S2P:-02 

0.000 

91.440 

0.60774E-02 

0.000 

97  536 

0.44624  E -02 

0.000 

103.632 

0.45234E-02 

0.000 

109.723 

0.68376E-02 

0.000 

115.824 

0.33031E-02 

0.000 

121.920 

0.69033  E-02 

6.096 

121.920 

0.67646.E-02 

Ip  1  m 

121.920 

0.56497E-02 

13.2S8 

121.920 

0.352S7E-02 

24.334 

121.920 

0.77137E-02 

.30.480 

121.920 

0.27932E-01 

36. .573 

121.920 

0.20313E-01 

42.672 

121.920 

0.7343SE-01 

48.768 

121.920 

0.20046Ern0 

54.864 

121.920 

0.73290E-01 

60.950 

121.920 

0.194  IGE^GO 

67.053 

121.920 

0.7323  IE -01 

73.152 

121.520 

0.2C133E-01 

79.243 

I'll  o'5r> 

0.27S32E-01 

85.344 

121.920 

0.11522Eni 

Cl 

121. 920 

0.40237E-02 

n  f”  n  r' 

3  /  .aau 

121.920 

0.55C60E-02 
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TABLE  B-3.  Estimated  1-Hour  Average  Concentrations  of  Vapor-Phase  2,4,5-T  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site,  (continued) 


Coordinate 

(m) 

Y  Coordinate 
(m) 

l-Hour  Average 
Concentration 
(g/m^) 

103.632 

121.S20 

0.66277E-02 

109.72S 

121.920 

0.67720E-02 

115.824 

121.920 

0.63372E-02 

121.920 

121.920 

0.56586E-02 

128.016 

121.920 

0,493S3E.02 

134.112 

121.920 

0.42631E-02 

140.208 

121.920 

0.36S63E-02 

146.304 

121.920 

0.432S1E-02 

152.400 

121.920 

0.27947E-02 

158.496 

121.920 

0.5S916E-02 

164.592 

121.920 

0.22107E-02 

170.688 

121.920 

0.47377E-02 

176.784 

121.920 

0.22674E.02 

1S2.S80 

121.920 

0.17181E-02 

188.976 

121.920 

0.18273E.02 

195.072 

121.920 

0.17304E-02 

195.072 

115.824 

0.13019E-02 

195.072 

109.728 

0.12953E-02 

195.072 

103.632 

0.1S293E-02 

195.072 

97,536 

0.1S026E-02 

195.072 

91.440 

0.16046E-02 

195.072 

85.344 

0.10S64E-02 

195.072 

79.243 

0.191S5E-02 

195.072 

73.152 

0.20209E-02 

195.072 

67.056 

0.122D9E-02 

195.072 

60.960 

0.13S06E-02 

188.976 

60.960 

0.13524E-02 

182.330 

60.960 

0.15511E-02 

176.734 

60.960 

0.32245E-02 

170.638 

60.960 

0.37SS3E-02 

164.592 

60.960 

0.350S0E-02 

153,496 

60.960 

0.38S85E-02 

152.400 

60.950 

0.37995E-02 

148.304 

60.960 

0.44S71E-02 

146.304 

54.864 

0.29575E-02 

146.304 

48.763 

0.49692E.02 
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TABLE  B-3,  Estimated  1-Kour  Average 
Receptor  Locations  (x,  y  Coordinates^  Arot 
Site,  (continued) 


X  Coordinate  Y  Coordi 

(m)  (m) 


146.304 

42.672 

146.304 

36,576 

148.304 

30.480 

146.304 

2‘'..3S4 

146.304 

18.288 

146.304 

12.192 

146.304 

6.096 

146.304 

0.000 

140.208 

0.000 

134.112 

0.000 

128.016 

0.000 

121.920 

0.000 

115.824 

0.000 

109.723 

0.000 

103.S32 

0.000 

97.536 

0.000 

91.440 

0.000 

85.344 

0.000 

79.248 

0.000 

73.152 

0.000 

67.056 

0.000 

60.096 

0.000 

54.864 

0.000 

48.768 

o.oco 

42.672 

0.000 

36.576 

c.ooo 

30.430 

0.000 

24.334 

0.000 

18.233 

O.GGO 

12.192 

0.000 

6.096 

o.oco 

acsntrations  of  Vapor-Phase  2,4,5-T  at 
the  Perimeter  of  the  Herbicide  Orange 


1-Hour  Average 
,te  Concentration 

(g/m^) 


0.22117E-02 

0.49690E-02 

0.29334E-02 

0.617S9E-02 

0.17737E-02 

0.45363E-02 

0.1621SE-02 

0.41072E-02 

0.39S09E-02 

0.41424E-02 

0.17067E-02 

0.SS917E-02 

0.19144E-02 

0.67355E-02 

0.2S113E-02 

0.66454E-02 

0.95679E-02 

0.46037E-O2 

0.343S7E-02 

0.454S7E-02 

0.S155SE-02 

0.643S3E-02 

0.26765E-02 

0.7S736E-02 

0.33379E-02 

0.89007E-02 

0.16248E-02 

0.50S08E-02 

0.66992E-02 

0.40993E-02 

0.247G9E-02 


/ 

’  \ 

\ 

TABLE  E“4.  Estimated  8-Hour  Average  Concentrations  of  Vapor-Phase  TCDD  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site 

X  Coordinate 
(m) 

Y  Coordinate 
(m) 

8-Hour  Average 
Concentration 
(g/m^) 

0.000 

0.000 

0.76103E-06 

0.000 

6.096 

0.50137E-G6 

0.000 

12.192 

0.11078E-05 

0.000 

18.288 

0.64774E.06 

0.000 

24.384 

0.9249aE-06 

0.000 

30.480 

0.82454E-06 

0.000 

36.576 

0.11913E-05 

0.000 

42.672 

0.62548E-06 

0.000 

48.768 

0.9092aE-0S 

0.000 

54.864 

0.76562E-06 

0.000 

60.960 

0.72775E-06 

0.000 

67.056 

0.i6459E.05 

0.000 

73.152 

0.506a5E-05 

0.000 

79.248 

0.17863E.05 

0.000 

85.344 

0.46S29E-05 

0.000 

91.440 

0.16538E-05 

0.000 

97.536 

0.13561E-05 

0,000 

103.632 

0.11994E-05 

0.000 

109.728 

0.13791E-05 

0.000 

115.824 

0,88805E-06 

0.000 

121.920 

0.86397E-06 

6.036 

121.920 

0.57955E-06 

'r 

12.192 

121.920 

0.12553E-05 

18.288 

121.920 

0.17726E-05 

24.334 

121.920 

0.96304E-06 

30.480 

121.920 

0.23237E-05 

36.576 

121.920 

0.45730E-05 

42.672 

121.920 

0.492S4E-05 

48.768 

121.920 

0.28733E-05 

54.S64 

121.920 

0.231S3E-05 

60.960 

121.920 

0.29592E-05 

67.056 

121.920 

0.45170E-05 

73.152 

121.920 

0.41092E-05 

79.248 

121.920 

0.24444E-05 

Sti.344 

121.920 

0.32333E-Q5 

91.440 

121.920 

0.20208E-05 

97,536 

121.920 

0.46761E-05 
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TABLB  B»4.  Estimated  8-Hour  Average  Concentrations  of  Vapor-Phase  TCDD  at 
Receptor  Loaations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site  (continued) 


8-Hour  Average 

X  Coordinate 

Y  Coordinate 

Concentration 

(m) 

(m) 

(g/m^) 

103.632 

121.920 

0.192S0E-05 

109.728 

121.920 

0.4738SE-05 

115.824 

121.920 

0.19009E-05 

121.920 

121.920 

0.3S027S-05 

128.016 

121.920 

0.15S1SE-U5 

134.112 

121.920 

0.36SS9E-05 

140.203 

121.920 

0.14649E-05 

146.304 

121.920 

0.33510E-05 

152.400 

121.920 

0.1175SE-05 

158.496 

121.920 

0.2S176E-05 

164.592 

121.920 

0.16742E-05 

170.638 

121.920 

0.517S2E-05 

17S.7S4 

121.920 

0.1S216E-05 

182.380 

121.920 

0.54327E-05 

183.973 

121.920 

0.189S6E-05 

193.072 

121.920 

0.71046E-06 

195.072 

115.824 

0.20439E-05 

195.072 

109.723 

0.59150E-05 

195.072 

103.632 

0.22741E-05 

195.072 

97.533 

0.57153E-05 

195.072 

91.440 

0.1D120E-05 

195.072 

85.344 

0.36236E-05 

195.072 

79.248 

0.15334E-05 

195.072 

73.152 

0.37094E-05 

195.072 

67.056 

0.12S65E-05 

195.072 

60.950 

0.71327E-06 

188. 97G 

60.950 

0.14452E-05 

182.380 

60.960 

0.34224E-05 

173.734 

60.950 

0.12077E-05 

170.6  33 

60.960 

0.222C5E-05 

164.592 

60.950 

0.25930E-05 

158.496 

60.960 

0.652S5E-03 

152.400 

60.9S0 

0.25297E-C5 

146.304 

60.950 

0 . 6  5  4  5  4  i;.  ■  0  0 

148.304 

54.SS4 

0.23745E  05 

143,304 

43.763 

0.24055E-05 
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TABLE  B-4.  Estimated  8-Hour  Average  Cc 
Receptor  Locations  (x,  y  Coordinates)  Around 
Site  (continued) 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


146.304 

146.304 

146.304 

146.304 

146.304 

146.304 

146.304 

146.304 

140.208 

134.112 

128.016 

121.920 

115.824 

109.728 

103.632 

97.536 

91.440 

85.344 

79.248 

73.152 

67.056 

60.096 

54.864 

48.768 

42.672 

36.576 

30.480 

24.384 

18.288 

12.192 

6.096 


42.672 

36.576 

30.480 

24.384 

18.288 

12.192 

6.096 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 


itrations  of  Vapor-Phase  TCDD  at 
Perimeter  of  the  Herbicide  Orange 


8-Hour  Average 
Concentration 


(g/m^) 


0.99130E-06- 

0.243 15E-05 

0.1741SE-05 

0.16873E-05 

0.10024E-05 

0.14614E-05 

0.19519E-05 

0.22937E-05 

0.24882E-05 

0.70600E-05 

0.27345E-05 

0.6000SE-05 

0.22144E-05 

0.50188E-05 

0.19853E-05 

0.54744E.05 

0.22953E-05 

0.47432E-05 

0.18263E-05 

0.51496E-05 

0.19097E-05 

0.43697E-05 

0.15980E-05 

0.13617E-05 

0.1071SE-05 

0.28584E-05 

0.12465E-05 

0.31514E-05 

0.13448E-05 

0.g694lE-06 

0.56525E-06 


TABLE  B-5.  Estimated  8-Kour  Average  Concentrations  of  Vapor-Phasa  2,4-D  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site. 


8-Hour  Average 


X  Coordinate 
(m) 


0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

6.096 

12.192 

ia.23S 

24.334 

30.430 

33.576 

42.672 

43.763 

54.364 

60.930 

67.053 

73.152 

79.248 

85.344 

91.440 

97.536 


Y  Coordinate 
(m) 


0.000 
6.096 
12.192 
18.288 
24.384 
30.480 
36.576 
42.672 
48.76S 
54.864 
60.960 
67.056 
73.152 
79.248 
85.344 
91.440 
97.536 
103.632 
109.723 
115.324 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121  920 


Concentration 

(g/m^) 


0.13637E-02 

0.27748E-02 

0.18663E-02 

0.68037E-02 

0.49306E-02 

0.17884E-01 

0.47511E-01 

0.18472E-01 

0.47326E-01 

0.17846E-01 

0.4890SE-02 

0.67691E-02 

0.183S1E-02 

0.32235E-02 

0.13353E-02 

0.3S5S2E-02 

0.23585E-02 

0.284S0E-02 

0.42659E-02 

0.14976E-02 

0.42912E-02 

0.42051E-02 

0.3483SE-02 

0.21065E-02 

0.47413E-02 

0.17947E-01 

0.12966E-01 

0.47231E-01 

0.12S40E+00 

0.47161E-01 

0.12500E-00 

0.47162E-01 

0.12902E-01 

0.17S97E-01 

0.46394E-02 

0.2054aE-Q2 

0.34347E-02 
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TABLE  B*5.  Estimated  8-Hour  Average  Concentrations  of  Vapor-Phase  2,4-D  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site,  (continued) 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


8-Hour  Average 
Concentration 


(g/m^) 


103.632 

121.920 

0.41582E-02 

109.728 

121.920 

0.42460E-02 

115.824 

121.920 

0.39563E-02 

121.920 

121.920 

0.35087E-02 

128.016 

121.920 

0.30335E-02 

134.112 

121.920 

0.25918E-02 

140.208 

121.920 

0.22070E-02 

146.304 

121.920 

0.18819E-02 

152.400 

121.920 

0.16131E-02 

158.496 

121.920 

0.28406E-02 

164.592 

121.920 

0.14082E-02 

170.688 

121.920 

0.17480E-02 

176.784 

121.920 

0.94689E-03 

182.880 

121.920 

0.11650E-02 

188.976 

121.920 

0.13621E-02 

195.072 

121.920 

0.13599E-02 

195.072 

115.824 

0.11063E-02 

195.072 

109.728 

0.1052SE-02 

195.072 

103.632 

0.13726E-02 

195.072 

97.536 

0.14995E-02 

195.072 

91.440 

0.12191E-02 

195.072 

85.344 

0.96305E-03 

195,072 

79.248 

0.10260E-02 

195.072 

73.152 

0.17636E-02 

195.072 

67.056 

0.95543E-03 

195.072 

60.960 

0.10017E-02 

188.976 

60.960 

0.84227E-03 

1S2.S80 

60.960 

0.10075E-02 

176.784 

60.960 

0.14166E-02 

170.688 

60.960 

0.12627E-02 

164.592 

60.960 

0,15417E-02 

158.496 

60.960 

0.23129E-02 

152.400 

60.960 

G.33423E-02 

146.304 

60.960 

0.40916E-02 

146.304 

54.864 

0.15012E-02 

146.304 

48.768 

0.44511E-02 
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TASLE  B-o.  Estimated  S-Hour  Average  Concentrations  of  Vapor-Phase  2,4-D  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site,  (continued) 


Coordinate 

(m) 

Y  Coordinate 
(ra) 

8-Hour  Average 
Concentration 

(g/m^) 

146.304 

42.672 

0.10117E-02 

143.304 

36.576 

0.44510E-02 

146.304 

30.480 

0.12448E-02 

146.304 

24.384 

0.40915E-02 

146.304 

18.2SS 

0.8S019E-03 

146.304 

12.192 

0.35630E-02 

146.304 

6.096 

0.12946E-02 

146.304 

0.000 

0.18S65E-02 

140.208 

0.000 

0.36420E-02 

134.112 

0.000 

0.20908E.02 

128.016 

0.000 

0.13461E-02 

121.920 

0.000 

0.6072SE-02 

115.824 

0.000 

0.14116E-02 

109.723 

0.000 

0.636S6E-02 

102.632 

0.000 

0.19931E-02 

97.536 

0.000 

0.65167E-02 

91.440 

0.000 

0.89339E-02 

85.344 

0.000 

0.43393E-02 

79.248 

0.000 

0.22S25E-02 

73.152 

0.000 

0.43739E-02 

67.056 

0.000 

0.S1S20E-02 

60.095 

0.000 

0.63a39E-02 

54.864 

0.000 

0.19942E-02 

43.768 

0.000 

0.63632E-02 

42.672 

0.000 

0.15312E-02 

35.576 

0.000 

0.60751E-02 

30.480 

0.000 

0.1346SE-02 

24.384 

0.000 

0.21103E-02 

18.283 

0.000 

0.36601E-02 

12.192 

0.000 

0.1901SE-02 

6.096 

0.000 

0.12157E-02 
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TABLE  B-6.  Estimated  8-Hoiir  Average  Concentratioiis  of  Vapor-Phase  2,4,5-T  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


S-Hotxr  Average 
Concentration 


(g/m^) 


0.000 

0.000 

0.28706E-02 

0.000 

6.096 

0.21365E-02 

0.000 

12.192 

0.35901E-02 

0.000 

18.288 

0.i2700E-01 

0.000 

24.384 

0.92349E-02 

0.000 

30.480 

0.33319E-01 

0.000 

36.576 

0.88714E-01 

0.000 

42.672 

0.33753E-01 

0.000 

48.768 

0.83149E-01 

0.000 

54.864 

0.33220E-01 

0.000 

60.960 

0.91275E-02 

0.000 

67.056 

0.12603E-01 

0.000 

73.152 

0.35139E-02 

0.000 

79.248 

0.37591E-02 

0.000 

85.344 

0.27854E-02 

0.000 

91.440 

0.42552E-02 

0.000 

97.536 

0.31244E-02 

0.000 

103.632 

0.31671E-02 

0.000 

109.723 

0.47875E-02 

0.000 

115.824 

0.23162E-02 

0.000 

121.920 

0.4833SE-02 

6.096 

121.920 

0.47363E-02 

12.192 

121.920 

0.39557E-02 

1S.2S8 

121.920 

0.24707E-02 

24.334 

121.920 

0.540C9E-02 

30.480 

121.920 

0.19592E-01 

36.576 

121.920 

0.14222E-01 

42.672 

121.920 

0.51419E-01 

48.768 

121.920 

0.14036E+00 

54.864 

121.920 

0.51315E-01 

60.960 

121.920 

0.13555E+00 

67.056 

121.920 

0.51274E-01 

73.152 

121.920 

0.14097E-01 

79.248 

121.920 

0.19487E-01 

85.344 

121.920 

0.80671E-02 

91.440 

121.920 

0.28173E-02 

97.536 

121.920 

0.3S551E-02 
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TABLE  B-S,  Estiruatad  8-Hour  Average  Concentrations  ofVapor-Phase  2,4,5-T  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site  (continued) 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


8-Hour  Average 
Concentration 


(g/m-) 


103.632 

121.920 

0.46405E-02 

109.728 

121.920 

0.47415E-02 

115.S24 

121.920 

0.44371E-02 

121.920 

121.920 

0.39620E-02 

128.016 

121.920 

0.34576E-C2 

134.112 

121.920 

0.29SS4E-02 

140.208 

121.920 

0.23ai0E-02 

146.304 

121.920 

0.30304E-02 

152.400 

121.920 

0.1956SE-02 

158.496 

121.920 

0.41251E-02 

164.592 

121.920 

0.1547SE-02 

170.688 

121.920 

0.33522E-02 

176.784 

121.920 

0.15876E-02 

1S2.S80 

121.920 

0.12029E-02 

188.976 

121.920 

0.12794E-02 

195.072 

121.920 

0.12116E-02 

195.072 

115.824 

O.S1155E-03 

195.072 

109.728 

0.90S93E-03 

195.072 

103.632 

O.12S0SE-O2 

195.072 

97.536 

0.12621E-02 

195.072 

91.440 

0.11235E-02 

195.072 

85.344 

0.76067E-03 

195.072 

79.248 

0.13433E-02 

195.072 

73.152 

0.14150E-02 

195.072 

67.056 

0.86112E-03 

195.072 

60.960 

0.96662E-03 

188.976 

60.960 

0.94691E-03 

182.880 

60.960 

0.10860E-02 

176.734 

60.960 

0.22577E-02 

170.688 

60.930 

0.26523E-02 

164.592 

60.960 

0.24562E-02 

153. 49S 

60.930 

0.27226E-02 

152.400 

60.960 

0.26603E-02 

146.304 

60.950 

0.31417E-02 

146.304 

54.864 

0.2070SE-02 

146.304 

48.7  S3 

0.34792E-02 

TABLE  B'6.  Estimated  8-Hour  Average  Concentrations  of  Vapor-Phase  2,4,5-T  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site  (continued) 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

8-Hour  Average 
Concentration 
(g/m^) 

146.304 

42.672 

0.15485E-02 

146.304 

36.576 

0.34791E-02 

146.304 

30.480 

0.20889E-02 

146.304 

24.384 

0.43263E-02 

146.304 

18.288 

0.12419E-02 

146.304 

12.192 

0.32112E-02 

146.304 

6.096 

0.11355E-02 

146.304 

0.000 

0.28757E-02 

140.208 

0.000 

0.27733E.02 

134.112 

0.000 

0.29004E-02 

128.016 

0.000 

0.11950E-02 

121.920 

0.000 

0.62257E-02 

115.824 

0.000 

0.13404E-02 

109.728 

0.000 

0.47161E-02 

103.632 

0.000 

0.19684E-02 

97.536 

0.000 

0.46529E-02 

91.440 

0.000 

0.66992E-02 

85.344 

0.000 

0.32234E-02 

79.248 

0.000 

0.24077E-02 

73.152 

0.000 

0.3184SE-02 

67.056 

0.000 

0.57105E-02 

60.096 

0.000 

0.450S9E-02 

54.864 

0.000 

0.18740E-02 

48.768 

0.000 

0.5512SE-02 

42.672 

0.000 

0.23371E-02 

36.576 

0.000 

0.62320E-02 

30.480 

0.000 

0.11376E-02 

24.384 

0.000 

0.35574E-02 

18.288 

0.000 

0.4G905E-Q2 

12.192 

0.000 

0.28706E-02 

6.096 

0.000 

0.17343E-02 
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TABLE  B-7.  Estimated  Annual  Average  Concentrations  of  Vapor-Phase  TCDD  at 
Receptor  Locations  (x,  y  Coordinates)  Amciond  the  Perimeter  of  the  Herbicide  Orange 
Site 


lordinate 

(m) 

Y  Coordinate 
(m) 

Annual  Average 
Concentration 
(g/m^) 

0.000 

0.000 

0.27181E-07 

0.000 

6.096 

0.17907E-07 

0.000 

12.192 

0.3S565E-07 

0.000 

1S.2S8 

0.23135E-07 

0.000 

24.384 

0.33036E-07 

0.000 

30.480 

0.29449E-07 

0.000 

36.576 

0.4254SE-07 

0.000 

42.672 

0.22340E-07 

0.000 

48.768 

0.32476E-07 

0.000 

54.864 

0.27345E-07 

0.000 

60.960 

0.25992E-07 

0.000 

67.056 

0.58786E-07 

0.000 

73.152 

0.18103E-C6 

0.000 

79.248 

0.63799E-07 

0.000 

85.344 

0.16725E-06 

0.000 

91.440 

0.59067E-07 

0.000 

97.536 

0.48434E-07 

0.000 

103.632 

0.4283SE-07 

0.000 

109.728 

0.49257E-07 

0.000 

115.824 

0.31717E-07 

0.000 

121.920 

0.31036E-07 

6.096 

121.920 

0.20699E-07 

12.192 

121.920 

0.44833E-07 

18.2S8 

121.920 

0.63311E-07 

24.384 

121.920 

0.34396E-07 

30.480 

121.920 

0.82992E-07 

36.576 

121.920 

0.16333E-06 

42.672 

121.920 

0.17602E-06 

48.763 

121.920 

0.10262E-0S 

54.864 

121.920 

0.82799E-07 

60.960 

121.9..0 

0.10569E-06 

67.056 

121.920 

0.16133E-06 

73.152 

121.920 

0.14675E-06 

7^.248 

121.920 

0.S7302E-07 

85.344 

121.920 

0.11727E-06 

91.440 

121.920 

0.72175E-07 

97.536 

121.920 

0.167CiE-06 
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TABLE  B-7.  Estimated  Ann^  Average  Concentrations  of  Vapor-Phasa  TCDD  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site  (continued) 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


Annual  Average 
Concentration 


(g/m^) 


1Q3.632 

109.728 

115.824 

121.920 

128.016 

134.112 

140.208 

146.304 

152.400 

158.496 

164.592 

170.6SS 

176.784 

182.SS0 

li;3.976 

195.072 

195.072 

195.072 

195.072 

195.072 

195.072 

195.072 

195.072 

195.072 

195-072 

195.072 

188.976 

1S2.S80 

176.784 

170.683 

164.592 

158.496 

152.400 

146.304 

146.304 

146.304 


121.920 

121.920 

121.920 

121.920 

121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
115.824 
109.723 
103,632 

97.536 

91.440 

85.344 

79.248 

73.152 

67.056 

60.960 

60.960 

60.960 

60.S60 

60.SS0 

60.950 

60.960 

60.960 

60.960 

54.S64 

48.768 


0.6S860E-07 

0.16924E-06 

0.67892E-07 

0.13531E-06 

0.557S1E-07 

0.13175E-06 

0.52321E-07 

0.11968E-0S 

0.41996E-07 

0.10063E-06 

0.53795E.07 

0,18494£.06 

0.65060E-07 

0.19403E-0S 

0.67809E-07 

0.25374E.07 

0.7299SE-07 

0.2n26E.OS 

0.ai222E-07 

0.20414E-06 

0.682S7E-07 

0.12942E-06 

0.54763E-07 

0.13249E-06 

0.45951E-07 

0.25475E-07 

0.51618E-07 

0.12223E-08 

0.43134E-07 

0.n503E-G6 

0.92S27E-07 

0.233 17E-0S 

0.90349E-07 

0.23377E-06 

0.8480SE-07 

0.S591SE-07 
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xASLiH  E'7.  Estimatad  Aiui'ual  Averasjs  Concsntratdons  of  Vapor-Phase  TCDD  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site  (continued) 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

Annual  Average 
Concentration 
(g/m^) 

14S.304 

42.672 

0.35405E-07 

146.304 

36.576 

0.86S42E-07 

148.304 

30.480 

0.62209E-07 

146.304 

24.3S4 

0.602S4E-07 

146.304 

18.288 

0.35S02E-07 

146.304 

12.192 

0.52195E-07 

146.304 

6.0S6 

0.69714E-07 

146.304 

0.000 

0.S1921E-07 

140.208 

0.000 

0.88869H-C7 

134.112 

0.000 

0.25215E-06 

123.C16 

0.000 

0.97365E-07 

121.920 

0.000 

0.21432E-06 

115.S24 

0.000 

0.7903SE-07 

1Q9.72S 

0.000 

0.17925E-06 

103.632 

0.000 

0.70S06E-07 

97.533 

0.000 

0.19552E-0S 

91.440 

0.000 

C.81979E.07 

85.344 

0.000 

0.16941E-0S 

79.248 

0.000 

0.65227E.07 

73.152 

0.000 

0.1S392E-06 

67.056 

0.000 

0.6S207E-07 

60.093 

0.000 

0.15607E-06 

54.864 

0.000 

0,57075E-07 

48.733 

0.000 

0.4S5.33E-07 

42.672 

0.000 

o.33:t:'E-07 

36.576 

O.OGO 

0.102Q9E-G6 

30.480 

O.QCO 

0.44520E-07 

24.334 

O.OGO 

0.1125aE-0S 

13.233 

o.cco 

0.4S030E-07 

12.192 

0.000 

0.34623E-07 

6.096 

0.000 

0.201S3E-07 
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TABLE  B-8.  Estimated  Annual  Average  Concentrations  of  Vapor-Phase  2,4-D  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

Annual  Average 
Concentration 
(g/m^) 

0.000 

0.000 

0.48697S-04 

0.000 

6.096 

0.990S9S-04 

0.000 

12.192 

0.66645S-04 

0.000 

18.288 

0.242S6E-03 

0.000 

24.384 

0.17607E-03 

0.000 

30.480 

0.63862E-03 

0.000 

36.576 

0.16966E-02 

0.000 

42.672 

0.65962E-03 

o.coo 

48.768 

0.16900E-02 

0.000 

54.864 

0.63726E-03 

0.000 

60.960 

0.17465S-03 

0.000 

67.056 

0.24i72E-03 

0.000 

73.152 

0.65633E-04 

0.000 

79.248 

0.115111v03 

0.000 

85.344 

0.47e84E-04 

0.000 

91.440 

0.13777E-03 

0.000 

97.536 

O.S4221E-04 

0.000 

103.632 

0.10170E-03 

0.000 

109.728 

0.15233E-03 

0.000 

115.824 

0.53477E-04 

0.000 

121.920 

0.15324E-03 

6.096 

121.920 

0.15016E-03 

12.192 

121.920 

0.12440E-03 

18.2S3 

121.920 

0.75222E-04 

24.334 

121.920 

0.16931E-03 

30.480 

121.920 

0.64088E-03 

36,576 

121.920 

0.463Q2E-03 

42.672 

121.920 

0.16366E-02 

48.763 

121.920 

0.45136E-02 

54.864 

121.920 

0.16841S-02 

60.960 

121.920 

0.446.37E-02 

67.056 

121.920 

0.16842E-02 

73.152 

121.920 

0.46073E-03 

79.248 

121.920 

0.63910E-03 

85.344 

121.920 

0.16746E-03 

91.440 

121.920 

0,73376E-04 

97.536 

121.920 

0.12265E-03 
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TABLE  B«8.  Estimated  Annual  Average  Concentrations  of  Vapor-Phasa  2,4-0  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site  (continued) 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


Annual  Average 
Concentration 


(g/m^) 


103.632 

121.920 

0.14S49E-03 

109.728 

121.920 

0.151S2S-03 

115.824 

121.920 

0.1412SE-03 

121.920 

121.920 

0.12530S-03 

128.016 

121.920 

0.1G833E-03 

134.112 

121.920 

0.92551E-04 

140.208 

121.920 

0.7S812E-04 

146.304 

121.920 

0.67201E-04 

152.400 

121.920 

0.57602E-04 

153.496 

121.920 

0.10144.S-03 

164.592 

121.920 

0.502SSE-04 

170.638 

121.920 

0.62420S-04 

176.784 

121.920 

0.333 13S-04 

182.380 

121.920 

0.41601E-04 

188.976 

121.920 

0.48641S-04 

195.072 

121.920 

0.4S562E-04 

195.072 

115.824 

0.39507E-04 

195.072 

109.723 

0.37595E-04 

195.072 

103.632 

0.49014E-04 

195.072 

97.536 

0.53545E-04 

195.072 

91.440 

0.4  353.5  E -04 

195.072 

85.344 

0.34390E-04 

195.072 

79.243 

0.36S37E-04 

195.072 

73.152 

0.62979E-04 

195.072 

67.056 

0.3411SE-04 

195.072 

60.960 

0.35T70E-04 

183.976 

60.960 

0.30077H-04 

1S2.8S0 

60.960 

0.35979E-04 

176.734 

60.960 

0.50535H-04 

170. 6S3 

60.960 

0.45091E-04 

164.592 

60.960 

0.55053S-04 

158.496 

60.960 

0.82593S-04 

152.400 

60.9G0 

0.11935E-03 

146, o04 

60.960 

0.14611E-03 

146.304 

54.364 

0.536GSE-04 

14S.304 

43.763 

0.15S95E-03 
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TABLE  B"8.  Estimated  Annual  Average  Concentrations  of  Vapor-Phase  2,4*D  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbidds  Orange 
Site  (continued) 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

Annual  Average 
Concentration 
(g/m^) 

146.304 

42.672 

0.36126E-04 

148.304 

36.576 

0.15S95E.03 

146.304 

30.480 

0.44450E-04 

146.304 

24.384 

0.14610E-03 

146.304 

18.288 

0.31431E-04 

146.304 

12.192 

0.12741E-03 

146.304 

6.096 

0.46232E-04 

146.304 

0.000 

0.67366E-04 

140.208 

0.000 

0.13006S-03 

134.112 

0.000 

0.74662E-04 

128.016 

0.000 

0.4806SE-04 

121.920 

0.000 

0.21686S-03 

115,824 

0.000 

0.50407E-04 

109.728 

0.000 

0.22742E-03 

103.632 

0,000 

0.71174E-04 

07.536 

0.000 

0.23271E-03 

93.440 

0.000 

0.31S03E-03 

85.344 

0.000 

0.15674E-03 

79.248 

0.000 

O.S15C9E-04 

73.152 

0.000 

0.1561.9E-03 

67.056 

0.000 

0,292 ’.3S-03 

60.096 

0.000 

0.227, 97E-03 

54.864 

0.000 

0.71213E-04 

48.768 

0.000 

0.2274  lE-03 

42.672 

0.000 

0.564G5E-04 

.36.576 

0.000 

0.216S4E-03 

30.480 

0.000 

0.48095E-04 

24.384 

0.000 

0.7535SE-04 

18.288 

0.000 

0.130  70E-03 

12.192 

0.000 

0.67904E-04 

6.096 

0.000 

0.434 19E-04 
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TABIjiE  B*9.  Estimated  Annual  Average  Concantraticns  of  Vapor-Phase  2,4, 5-T  at 
Receptor  Locations  (x,  y  Coordinates)  Around  tlie  Perimeter  of  the  Herbicide  Orange 
Site 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


Annual  A.varage 
Concentration 


(g/m^) 


0.000 

0.000 

0.10251E-03 

0.000 

6.095 

0.76294E-04 

0.000 

12.192 

0.12S20E-03 

0.000 

18.288 

0.45352E-03 

0.000 

24.384 

0.3297SE-03 

0.000 

30.480 

0.11898E-02 

0.000 

36.57iS 

0.31679E-02 

0.000 

42.672 

0.12053E-02 

0.000 

48.763 

0.31473E-02 

0.000 

54.854 

0.11863E-02 

0.000 

60.960 

0.32594E-03 

0.000 

67.056 

0.45022E-03 

0.000 

73.152 

0.1254SE-G3 

0.000 

79.248 

0.13424E.03 

0.000 

85.344 

0.99465E-04 

0.000 

91.440 

0.15195E-03 

0.000 

97.536 

0.11157E-03 

0.000 

103.632 

0.11310E-03 

0.000 

109.728 

0.17096E-03 

0.000 

115.824 

0.82712E-04 

0.000 

121.920 

0.17261E-03 

6.096 

121.920 

0.16913E-03 

12.192 

121.920 

0.1412SE-03 

18.288 

121.920 

0.SS223E-04 

24.384 

121.920 

0.192S6E-03 

30.480 

121.920 

0.69962E-03 

36.576 

121.920 

0.507S3E-03 

42.672 

121.920 

0.1S362E-02 

48.768 

121.920 

0.50121E-02 

54.364 

121.920 

0.18325E-02 

60.S60 

121.920 

0.48547E-02 

67.056 

121.920 

0.18310E-02 

73.152 

121.920 

0.50333E-Q3 

79.248 

121.920 

0.69537E-03 

85.344 

121.920 

0.2S307E-03 

91.440 

121.920 

O.lOOoOE-03 

97.536 

121.920 

0.13767E-03 
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TABLE  B-9.  Estimated  Annual  Average  Concentrations  of  Vapor-Phase  2,4»5-T  at 
Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide  Orange 
Site  (continued) 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


Annual  Average 
Concentration 


(g/m^) 


103.632 

121.920 

0.16571E-03 

109.728 

121.920 

0.16932E-03 

115.824 

121.920 

0.15845E-03 

121.920 

121.920 

0.14148E-03 

128.016 

121.920 

0.12347E-03 

134.112 

121.920 

0.10672E-03 

140.208 

121.920 

0.92168E-04 

146.304 

121.920 

0.10821E-03 

152.400 

121.920 

0.69877E.04 

158.496 

121.920 

0.14731E-03 

164.592 

121.920 

0.55273E-04 

170.688 

121.920 

0.11970E-03 

176.784 

121.920 

0.566S1E-04 

182.880 

121.920 

0.42956E-04 

188.976 

121.920 

0.45687E-04 

195.072 

121.920 

0.43265E-04 

195.072 

115.824 

0.32551E-04 

195.072 

109.728 

0.32386E-04 

195.072 

103.632 

0.45736E-04 

195.072 

97.536 

0.45069E-04 

195.072 

91.440 

0.40119E-04 

195.072 

85.344 

0.27163E-04 

195.072 

79.248 

0.47963E-04 

195.072 

73.152 

0.50529E-04 

195.072 

67.056 

0.30750E-04 

195.072 

60.960 

0.3451SE-04 

188.976 

60.S60 

0.33814E-04 

182.SS0 

60.960 

0.3S783E-04 

176.784 

60.960 

0.S0621E-04 

170.S8S 

60.960 

0.94715E-04 

164.592 

60.960 

0.87710E-04 

158.496 

60.960 

0.97224E-04 

152.400 

60.960 

0.94999E-04 

146.304 

60.960 

0.11219E-03 

146.304 

54.864 

0.73949E-04 

146.304 

48.768 

0.12424E  03 
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TABLE  B"9.  Estimated  Annual  Average  Concentrations  ofVapor-Phase  2,4,5-T  at 
Receptor  Locations  (x,  y  Coordinates)  A-round  the  Perimeter  of  the  Herbicide  Orange 
Site  (continued) 

I 

I 

X  Coordinate 

Y  Coordinate 

Annual  Avei-age 
Concentration 

1 

i 

h 

(m) 

(m) 

(g/m^) 

1 

1 

f: 

146.304 

42.672 

0.55298E-04 

1 

1 

•  1 

146.304 

36.576 

0.12424E-03 

fi 

146.304 

30.480 

0.74594E-04 

1 

146.304 

24.384 

0.15449E-03 

1 

146.304 

18.288 

0.44348E-04 

146.304 

12.192 

0.11467E-03 

1 

146.304 

6.096 

0.40550E-04 

t 

146.304 

0.000 

0.10269E-03 

1 

140.208 

0.000 

0.99033E-04 

1 

134.112 

0.000 

0.10357E-03 

128.016 

0.000 

0.42572E-04 

n 

121.920 

0.000 

0.22232E-03 

1 

1 

115.824 

0.000 

0.47SS4E-04 

109.72S 

0.000 

0.16S41E-03 

103.632 

0.000 

0.70291E-04 

1 

97.536 

0.000 

0.16S15E-03 

91.440 

0.000 

0.23923E-03 

1 

85.344 

0.000 

0.11511E-03 

1 

79.248 

O.CQO 

0.85978E-04 

73.152 

0.000 

0.11373E-03 

I 

67.056 

0.000 

0.20392E-03 

1 

I 

60.096 

0.000 

0.16101E-03 

54.864 

0.000 

0.66920E-04 

1 

48.763 

0.000 

0.196S6E-03 

42.672 

0.000 

0.83456E-04 

38.576 

0.000 

0.22254E-03 

30.480 

0.000 

0.40624E-04 

r 

, 

r 

* 

i 

24.384 

0.000 

0.12703E-03 

18.283 

0.000 

0.16750E-03 

12.192 

0.000 

0.10251E-03 

i] 

6.096 

0.000 

0.61930E-04 

i 

p 

V 

4 

I 
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TABLE  B-10.  Estimated  1-Hour  Average  Concentrations  of  Particle-Associated 
TCDD  at  Receptor  Locations  (x,y  Coordinates)  Around  the  Perimeter  of  the  Herbicide 
Orange  Site  During  Excavation  _ 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


1-Hour  Average 


Concentration 

(g/m^) 


0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

6.096 

12.192 

18.288 

24.384 

30.480 

36.575 

42.672 

48.763 

54.854 

60.960 

67.056 

73.152 

79.248 

85.344 

91.440 

97.535 


0.000 

6.096 

12.192 

18.288 

24.384 

30.480 

36.576 

42.672 

48.768 

54.864 

60.960 

67.056 

73.152 

79.248 

85.344 

91.440 

97.536 

103.632 

109.728 

115.824 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 


0.79800E-07 

0.51560E-06 

0.64930E-06 

0.10700E-06 

0.69100E-06 

0.54920E-06 

0.33510E-06 

0.91270E-06 

0.17620E-06 

0.10329E-05 

0.11560E-06 

0.10329E-05 

0.17S30E-06 

0.91270E-06 

0.33530E-06 

0.54920E-06 

0.69120E-06 

0.10700E-06 

0.64920E-06 

0.51560E-06 

0.79800E-07 

0.36670E-06 

0.7S420E-06 

0.38060E-06 

0.28400E-06 

0.10137E-05 

0.26380E-06 

0.95500E-06 

0.52050E-06 

0.10385E-05 

0.43080E-06 

0.13628E-05 

0.16800E-06 

0.13630E-05 

0.43080E-06 

0.1038SE-05 

0.52050E-06 
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TABLE  B-10.  Estimated  1-Kour  Average  Concentrations  of  Particie-Assodated 
TCDD  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide 
Orange  Site  During  Excavation  (continued)  _ _ 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


l-Hour  Average 
Concentration 
(g/m^) 


103.632 
109.728 
115.824 
121.920 
128.016 
134.112 
140. 20S 
146.304 
152.400 

153.496 
164.592 
170.683 
176.784 
182. SSO 

183.976 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 

188.976 
182.380 
176.734 
170.638 
■164.592 

158.496 
152.400 
146.304 
146.304 
146.304 


121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

115.824 

109.723 

103.632 

97.536 

91.440 

85.344 

79.248 

73.152 

67.056 

60.950 

60.950 

60.960 

60.950 

60.950 

60.950 

60.960 

60.960 

60.950 

54.864 

48.763 


0.95530E-0S 

0.26360E-0a 

0.10137E-05 

0.28420E-06 

0.38040E-06 

0.78420E-06 

0.36680E-06 

0.79800E-07 

0.32040E-06 

0.54250E-06 

0.43790E-OS 

0.20460E-06 

0.62800E-07 

0.85300E-07 

0.1S310E-03 

0.27900E-05 

0.344S0E-06 

0.14160E-06 

0.66300E-07 

0.30220E-06 

0.37230E-06 

0.11370E-0S 

0.12900E-06 

0.40520E-06 

0.27770E-06 

0.40000E-07 

0.44500E-07 

0.49900E-07 

0.56200E-07 

0.63700E-07 

0.72900E-07 

0.84000E-07 

0.93000E-07 

0.11550E-0S 

0.10330E-05 

0.17620E-06 


tj' 
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TABLE  B-10.  Estimated  l-Hour  Average  Concentrations  of  Particle-Assodated 
TCDD  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide 
Orange  Site  Daring  Excavation  (continued)  _ _ 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

1-Hotir  Average 
Concentration 

146.304 

42.672 

0.91280E-06 

146.304 

36.576 

0.33520E-06 

146.304 

30.480 

0.54940S-06 

146.304 

24.384 

0.69110E-06  ■ 

146.304 

18.288 

0.10700E-06 

146.304 

12.192 

0.64930E-06  ■ 

146.304 

6.096 

0.51550S-06 

146.304 

0.000 

0.79800E'07 

140.208 

0.000 

0.36680E-06 

134.112 

0.000 

0.78420E-06 

128.016 

0.000 

0.38040E-06 

121.920 

0.000 

0.28420E-06 

115.824 

0.000 

0.10137E-05 

109.728 

0.000 

0.26360E-06 

103.632 

0.000 

0.95520E-06 

97.536 

0.000 

0.52030E-06 

91.440 

0.000 

0.103S7E-05 

85.344 

0.000 

0.43060E-06 

79.248 

0.000 

0.13629E-05 

73.152 

0.000 

0.16S10E-06 

67.056 

0.000 

0.13629E-05 

60.096 

0.000 

0.43090E-06 

54.854 

0.000 

0.10337E-05 

48.768 

0.000 

0.52060E-06 

42.672 

0.000 

0.95520E-06 

36.576 

0.000 

Q.26360E-06 

30.480 

0.000 

0.10137E-C5 

24.384 

0.000 

0.28410E-06 

18.288 

0.000 

0.38040E-06 

12.192 

0.000 

0.7S420E-06 

6.096 

0.000 

0,366S0E-06 

fcl 


235 


TASKS  B-11.  Estimated  l-Hour  Averagg  Concentrations  of  Particle- Assodatad  2,4-D 
at  Receptor  Locations  (x,  y  Coordinates)  Around  tlis  Perimeter  of  the  Herbidde 
Orange  Site  During  Excavation 


X  Coordinate 
(m) 


0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

6.096 

12.192 

18.288 

24.3S4 

30.480 

36.576 

42.672 

48.768 

54.864 

60.960 

67.056 

73.152 

79.248 

85.344 

91.440 

97.536 


Y  Coordinate 
(m) 


0.000 

6.096 

12.192 

18.288 

24.384 

30.480 

36.576 

42.672 

48.763 

54.864 

60.960 

67.056 

73.152 

79.248 

85.344 

91,440 

97.533 

103.632 

109.723 

115.824 

121.9.20 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 


1-Hour  Average 
Concentration 
(g/m^) 


0.48800E-05 
0.31510E-04 
0.39680S-04 
0.65400E-05 
0.42230E-04 
0.33550S-04 
0.20480E-04 
0.55780E-04 
0.10770E-04 
0.63120E-04 
0.70600E-05 
0.63120E-04 
0.10770E-04 
O.557S0E-04 
0.20460E-04 
0.335S0E-04 
0.42240E-04 
0.65400E-05 
0.396S0E-04 
0.31510E-04 
0.48800E-03 
0.224  lOE-04 
0.47920E-04 
0.23260E-04 
0.17360E-04 
0.61950E-04 
0.16120E-04 
0.58360E-04 
0.31810E-04 
0.63450E-04 
0.26520E-04 
O.832S0E-04 
0.10250E-04 
0.S3300E-04 
0.26330E-04 
0.S3490E-04 
0.31S10E-04 
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TABLE  B-11.  Estimated  1-Hour  Average  Concentrations  of  Particle-Associated 
2,4-D  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide 
Orange  Site  During  Excavation  (continued) 

X  Coordinate 

Y  Coordinate 

l-Hour  Average 
Concentration 

(m) 

(m) 

(g/m^) 

103.632 

121.920 

0.583S0E-04 

109.728 

121.920 

0.16110E-04 

115.824 

121.920 

0.61950E-04 

121.920 

121.920 

0.17370E-04 

128.016 

121.920 

0.23250E-04 

134.112 

121.920 

0.47920E-04 

140.208 

121.920 

0.22420E-04 

146.304 

121.920 

0.48800E-05 

152.400 

121.920 

0.20190E-04 

158.496 

121.920 

0.33160E-04 

164.592 

121.920 

0.26760E-04 

170.688 

121.920 

0.12510E-04 

176.784 

121.920 

0.38400E-05 

182.830 

121.920 

0.52100E-05 

188.976 

121.920 

0.11190E-04 

195.072 

121.920 

0.17050E-04 

195.072 

115.824 

0.21070E-04 

195.072 

109.72S 

0.86500E-05 

195.072 

103.632 

0.40S00E-05 

195.072 

97.536 

0.18470E-04 

195.072 

91.440 

0.22750E-04 

195.072 

85.344 

0.69500E-05 

195.072 

79.248 

0.78800E-05 

195.072 

73.152 

0.24760E-04 

195.072 

67.056 

0.16970E-04 

195.072 

60.960 

0.24500E-05 

188.976 

60.960 

Q.27200E-05 

182.880 

60.960 

0.30500E-05 

176.784 

60.960 

0.34300E-05 

170.6S8 

60.960 

0.3S900E-05 

164.592 

60.960 

0.44500E-05 

158.496 

60.960 

0.51400E-05 

152.400 

60.950 

0.59900E-05 

146.304 

60.960 

0.70600E-05 

146.304 

54.864 

0.63130E-04 

146.304 

48.763 

0.10770E-04 
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TABLE  B>11.  Estimated  1-Hour  Average  Concentrations  of  Particle-Asscciated 
2,4-D  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide 
Orange  Site  Duri,ng  Excavation  (continued) 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


1-Hour  Average 
Concentration 


(g/m^) 


146.304 

42.672 

0.557SOE-04 

146.304 

36.576 

0,20490E-G4 

146.304 

30.480 

0.33570E-04 

146.304 

24.384 

0.42230S-04 

146.304 

18.288 

0.65400E-05 

146.304 

12.192 

0.396SCE-04 

146.304 

6.096 

0.31500E-04 

146.304 

0.000 

O.48S00E-05 

140.208 

0.000 

0.22420E-04 

134.112 

0.000 

0.47920E-04 

128.016 

0.000 

0.23250E-04 

121.920 

0.000 

0.17370E-04 

115.824 

0.000 

0.61950E-04 

109.728 

0.000 

0.16110S-04 

103.632 

0.000 

0.58370E-04 

97.536 

0.000 

0.31800E-04 

91.440 

0.000 

O.634S0E-04 

85.344 

0.000 

0.26310E-04 

79.248 

0.000 

0.83290E-04 

73.152 

0.000 

0.10270E-04 

67.056 

0.000 

0.83290E-04 

60.095 

0.000 

0.26330E-04 

54.864 

0.000 

0.634S0E-04 

48.768 

0.000 

0.31S20E-04 

42.672 

0.000 

0.58370E-04 

36.576 

0.000 

0.16110E-04 

30.480 

0.000 

0.61950E-04 

24.384 

0.000 

0.17360E-04 

18.288 

0.000 

0.23250E-04 

12.192 

0.000 

0.47920E-04 

6.096 

0.000 

0.22420E-04 

TABLE  B-12.  Estimatad  1-Hour  Average  Concentrations  of  Particle-Assodatad 
2,4,5-T  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the 
Herbicide  Orange  Site  During  Excavation 


Coordinate 

(m) 

Y  Coordinate 
(m) 

1  Hour  Average 
Concentration 

0.000 

0.000 

0.17290E-04 

0.000 

6.096 

0.11171E-03 

0.000 

12.192 

0.140S9E-03 

0.000 

18.238 

0.23180E-04 

O.OGO 

24.384 

0.14972S-03 

0.000 

30.480 

0.11900E-03 

0.000 

36.576 

0.72610E-04 

0.000 

42.672 

0.19775E-03 

0.000 

48.768 

0.3S170E-04 

0.000 

54.864 

0.22380E-03 

0.000 

60.960 

0.25040E-04 

0.000 

67.056 

0.223S0E-G3 

0.000 

73.152 

0.3S200E-04 

0.000 

79.248 

0.19775E-03 

0.000 

85.344 

0.72660E-04 

0.000 

91.440 

0.11900E-03 

0.000 

97.536 

0.14976E-03 

0.000 

103.632 

0.23180E-04 

0.000 

109.728 

0.14067E-03 

0.000 

115.S24 

0.11171E-03 

0.000 

121.920 

0.17300E-04 

6.096 

121.920 

0.79450E-04 

12.192 

121.920 

0.16991E-03 

1S.28S 

121.920 

0.S2450E-04 

24.334 

121.920 

0.61540E-04 

30.480 

121.920 

0.21963E-03 

36.578 

121.920 

0.57150E-04 

42.672 

121.920 

0.20692E-03 

48.768 

121.920 

0.11278E-03 

54.884 

121.920 

0.22501E-03 

60.960 

121.320 

0.93340E-04 

67.056 

121.920 

0.2952SE-03 

73.152 

121.920 

0.36390E-04 

79.248 

121.920 

0.29532E~03 

85.344 

121.920 

0.93340E-04 

91.440 

121.920 

0.225IOE-03 

97.525 

121.920 

0.1127SE-03 
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TABLE  H*12.  Estimsted  1-Hoiir  Av5rH.^2  ConcGntrations  of  Ptirticls-Associated 
2,4,5-T  at  Racaptor  Locations  (x,  y  Coordi.nat33)  Aj.’oimd  the  PeriiTvatar  of  the 
Herbicide  Orange  Site  During  Excavation  (continued) 


Annual  Average 


X  Coordinate 
(ni) 

Y  Coordinate 
(rn) 

Concentration 

103.S32 

121.920 

0.20698E-03 

109.723 

121.920 

0.57110S-04 

115.824 

121.920 

0.21963S-03 

121.920 

121.920 

0.61570E-04 

123.016 

121.920 

0.82420E-04 

134.112 

121.920 

0.16991E-03 

140.208 

121.920 

0.794S0E-04 

146.304 

121.320 

0.17290E-04 

152.400 

121.920 

0.71590E-04 

158.496 

121.920 

0.11755E-03 

164.592 

121.920 

0.94SS0S-04 

170.633 

121.920 

0.44340E-04 

176.784 

121.920 

0.13610E-04 

182.380 

121.920 

0.18430E-04 

188.976 

121.920 

0.396d0E-04 

195.072 

121.920 

0.60440E-04 

195.072 

115.824 

0.74710E-04 

195.072 

109.723 

0.30680E-04 

195.072 

103.632 

0.14470E-04 

195.072 

97.536 

0.65480E-04 

195.072 

91.440 

0.80670  E -04 

195.072 

85.344 

0.24640E-C4 

195.072 

79.248 

0.27S40E-Q4 

195.072 

73.152 

0.87790E-04 

195.072 

67.05G 

0.60170E-04 

195.072 

60.950 

C.857C0.E-Q5 

138.975 

60.960 

0.9b500E-v05 

132.880 

60.960 

0.10310E-04 

176. 7S4 

60.960 

0.12170E-C4 

170.688 

60.960 

0.133  lOE-04 

164.592 

60.960 

0.1573QE-G4 

153.496 

60.960 

0.ia210E-04 

152.4G0 

60.930 

0.2123CE-04 

146.304 

60.960 

0.25030E-64 

145.304 

54.864 

0.2233iE-03 

145.304 

48.7G3 

0.381  ou  c.  -0  4 
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TABLE  B-12.  Estiroated  l-Hour  Average  Concentrations  of  Particle-Associatad 
2,4,5-T  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Penmeter  of  the 


Herbicide  Orange  Site  During  Excavation  (continued) 

X  Coordinate 

Y  Coordinate 

Annual  Average 
Concentration 

(m) 

(m) 

(g/m^) 

146.304 

42.672 

0.19777E-03 

146.304 

36.576 

0.72630E-04 

146.304 

30.480 

0.11903E-03 

146.304 

24.384 

0.14973E-03 

146.304 

18.288 

0.23190E-04 

146.304 

12.192 

0.14069E-03 

146.304 

6.096 

0.11169E-03 

146.304 

0.000 

0.17290E-04 

140.208 

0.000 

0.79480E-04 

134.112 

0.000 

0.16991E-03 

128.016 

0.000 

0.82420E-04 

121.920 

0.000 

0.61570E-04 

115.824 

0.000 

0.21963E.03 

109.728 

0.000 

0.57110E-04 

103.632 

0.000 

0.20696E-03 

97,536 

0.000 

0.11273E-03 

91.440 

0.000 

0.22506E-03 

85.344 

0.000 

0.93290E-04 

79.248 

0.000 

0.29530E-03 

73.152 

0.000 

0.36410E-04 

67.056 

0.000 

0.29530E-03 

60.096 

0.000 

0.93370E-04 

54.864 

0.000 

0.2250SE-03 

48.768 

0.000 

0.112S0E-03 

42.672 

0.000 

0.206g6E-03 

36.576 

0.000 

0.57110E-04 

30.4S0 

0.000 

0.21963E-03 

24.384 

0.000 

0.61570E-04 

18.288 

0.000 

0.82420E-04 

12.192 

0.000 

0.16991E-03 

6.096 

0.000 

0.794S0E-04 

TABLE  B-13.  Estimated  8-Hoiir  Average  Concentrations  of  Particle- Associated 
TCDD  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide 
Orange  Site  During  Excavation  _ _ _ 


X  Coordinate 

(m) 


Y  Coordinate 
(m) 


8-Hour  Average 
Concentration 


(g/xn^) 


0,000 
0.000 
O.OGO 
0.000 
0.000 
0.000 
0.000 
0.000 
O.OQO 
0.000 
0.000 
0.000 
O.OOQ 
0,000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
6.096 
12.192 
18.283 
24.384 
30.430 
36.57  3 
42.672 
48.768 
54.854 
60.960 
67.056 
73.152 
79.243 
85.344 
91.440 
97.536 


O.OGO 

6.096 

12.192 

18.238 

24.334 

30.480 

2b. o  I  D 
42.672 
48.763 
54.864 
60.960 
67.055 
73.152 
79.24S 
85.544 
91.440 
97.533 
103.6.32 
109.723 
115.824 
121.920 
121.920 
121.S20 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 
121.920 


0.55860E-07 

0.3S0S2S-0O 

0.45451E-OS 

0.74900E-07 

0.48370E-06 

0.38444E-06 

0.23457E-05 

0.63S89S-06 

0.12334E-0S 

0.72303S-06 

0.80920E-C7 

0.72303E-06 

0.12341E-06 

0.63S89E-06 

0.23471S-0S 

0.38444E-06 

0.4a3S4E-06 

0.74900E-07 

0.45444E-06 

0.36C92E-06 

0.55860E-07 

0.25669E-0S 

0.54894E-0G 

0.26642E-06 

0.19SS0S-0S 

0.70959E-0S 

0,18463E-06 

0.66350E-0S 

0.36435E-G6 

0.72S95E-0S 

0.30156E-06 

0.95395E-03 

0.11760S-0S 

0.9541CE-03 

0.30l53E-0a 

0.72723E-03 

0.3S455E-06 
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T^SLS  B^IS.  Estimated  8-Hour  Average  Concentrations  of  Partids-Associated 
x<jDD  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbidde 
•drari,4'e  Site  During  Excavation  (continued) 


Coordinate 


Y  Coordinate 
(m) 


8-Hour  Average 
Concentration 
(g/m^) 


-.03.632 

I09.72S 

115.824 

121.920 

128.016 

134.112 

140.208 

146.304 

152.400 

158.495 
164.592 
170.688 

176.784 
182.8S0 

188.976 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 
195.072 

185.976 
182.880 

176.784 
170.688 
164.592 

158.496 
152.400 
146.304 
146.304 
146.304 


121.920 

121.920 

121.920 

121.920 

121.920 

121..920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

115.824 

109,728 

103.632 

97.536 

91.440 

85.344 

79,248 

73.152 

67.056 

60.960 

60.960 

60.960 

60.960 

60.960 

60.960 

60.960 

60.960 

60.960 

54.864 

48.768 


0,6S871S-06 

0.18452E-06 

0.70959E-0S 

0.19894E-06 

0.26628E-06 

0.54894E-06 

0.25676E-06 

0.55860E-07 

0.2312SE-06 

0.37975E-06 

0.30653E-06 

0.14322E-06 

0.43960E-07 

0.59710E-07 

0.12817E-06 

0.19530E-06 

0.24136E-06 

0.99120E-07 

0.4S760E-07 

0.21154E-06 

0.26061£’06 

0.79590E-07 

0.903C0E-07 

0.28364E-06 

0.19439E-06 

0.2S000E-07 

0,31150E-07 

0.34g30E-07 

0.39340E-07 

0.44590E-07 

0.51030E-07 

0.58800E-07 

0.6S600E-07 

0.80a50E-07 

0.72310E-06 

0.12334E.08 
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TABLiE  E-iS.  Estimated  8-Hour  Average  Concentrations  of  Particle-Associatad 
TCDD  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide 
Orange  Site  During  Excavation  (continued) 


8-Kour  Average 

X  Coordinate 

Y  Coordinate 

Concentration 

(m) 

(m) 

146.304 

42.572 

0.63S96E-06 

146.304 

36.576 

0.23464S-06 

146.304 

30.480 

0.38453E.06 

146.304 

24.384 

0.48377E-08 

146.304 

18.288 

0.749Q0E-07 

146.304 

12.192 

0.45451E-06 

146.304 

6.095 

0.36085E-0S 

146.304 

0.000 

0.55S60E-07 

140.208 

0.000 

0.25676S-06 

134.112 

0.000 

0.54894S-0S 

128.016 

0.000 

0.26628E-0S 

121.920 

0.000 

0.19894E-06 

115.624 

0.000 

0.70959E-06 

109.728 

0.000 

0,18452E-06 

103.632 

0.000 

0.66364E-0S 

97.536 

0.000 

0.36421E-06 

91.440 

0.000 

0.72709E-03 

85.344 

0.000 

0.30142E-06 

79.248 

0.000 

0.95403E-0S 

73.152 

0.000 

0.11767E-06 

67.056 

0.000 

0.95403E-06 

60.09S 

0.000 

0.30163E-06 

54.864 

0.000 

0.72709E-06 

48.763 

0.000 

0.36442E-0S 

42.672 

0.000 

0.6686-(E-06 

36.576 

0.000 

0.12452E-08 

30.480 

0,000 

0.70959E-OS 

24.234 

0.000 

0.19S87E-06 

1S.2S3 

0.000 

0.26623E-06 

12.192 

0.000 

0.54S94E-0S 

6.096 

0.000 

0.25676E-0S 
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TABLE  B*14.  Estimated  S-Hour  Average  Concentratioiis  of  Partide-Asaociated 
2,4-D  at  I^captor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbidde 
Orange  Site  During  Excavation 


Coordinate 

(m) 

Y  Coordinate 
(m) 

8-Hour  A^verage 
Concentration 
(g/m^) 

0.000 

0.000 

0.34160E-05 

0.000 

6.096 

0.22057E-04 

0.000 

12.192 

0.27776E-04 

0.000 

18.288 

0.45780E-05 

0.000 

24.384 

0.29561E-04 

0.000 

30.480 

0.23492E-04 

0.000 

36.576 

0.14336E-04 

0.000 

42.672 

0.39046E-04 

0.000 

48.768 

0.75390E-05 

0.000 

54.864 

0.44184E-04 

0.000 

60.960 

0.49420E-05 

0.000 

67.056 

0.441S4E-04 

0.000 

73.152 

0.75390E-05 

0.000 

79.248 

0.39046E-04 

0.000 

85.344 

0.14343E-04 

0.000 

91.440 

0.23492E-04 

0.000 

97.536 

0.29568E-04 

0.000 

103.632 

0.45780E‘05 

0.000 

109.728 

0.27776E-04 

0.000 

115.824 

0.22057E-04 

0.000 

121.920 

0.34160E-05 

6.096 

121.920 

0.15637E-04 

12.192 

121.920 

0.33544E-04 

18.283 

121.920 

0.162S2E-04 

24.384 

121.920 

0.12152S.04 

30.480 

121.920 

0.43365E-04 

36.576 

121.920 

0.112S4E-04 

42.672 

121.920 

0.40852E-04 

48.788 

121.920 

0.22267E-04 

54.864 

121.920 

0.44422E-04 

60.960 

121.920 

0.ia43lE-04 

67.055 

121.920 

0.58298E-04 

73.152 

121.920 

0.71820E-05 

79.248 

121.920 

0.5S310E-04 

80.344 

121,920 

0.18431E-04 

91.440 

121.920 

0.44443E-04 

245 


TABLE  B-14.  Estimated  8-Hour  Average 
2,4-D  at  Receptor  Locations  (x,  y  Coordinates) 
Orange  Site  During  Excavation  (continued) 

Concentrations  of  Particie-A-Ssocdated 
Around  the  Perimeter  of  the  Herbicide 

X  Coordinate 

Y  Coordinate 

8-Hour  Average 
Concentration 

(m) 

(m) 

97.536 

121.920 

0.22267E-04 

103.632 

121.920 

0.408dSE-04 

109.728 

121.920 

0.11277E-04 

115.824 

121.920 

0.43365E-04 

121.920 

121.920 

0.12159E-04 

128.016 

121.920 

0.16275E-04 

134.112 

121.920 

0.33544E-04 

140.208 

121.920 

0.15694E-04 

146.304 

121.920 

0.34160E-05 

152.400 

121.920 

0.14133E-04 

158.496 

121.S20 

0.23212E-04 

164.592 

121.920 

0.18732E-04 

170.633 

121.920 

0.S7570E-05 

176.784 

121.920 

0.26SS0E-05 

182.880 

121.920 

0.36470E-05 

188.976 

•  121.920 

0.78330E-05 

195.072 

121.920 

0.11935E-04 

195.072 

115.824 

0.14749E-04 

195.072 

109.723 

0.60550E-05 

195.072 

103.632 

0.2S560E-05 

195.072 

97.536 

0.12929E-04 

195.072 

91.440 

0.15925E-0-i 

195.072 

85.344 

0.48650E-05 

195.072 

79.243 

0.55160E-05 

195.072 

73.152 

0.17332E-04 

195.072 

67.053 

0.11879E-04 

195.072 

60.950 

0.17150E-05 

188.976 

60.960 

0.19040E-05 

1S2.S80 

60.960 

0.21350E-05 

176.734 

60.950 

0.24010E-05 

170. 6S3 

60.9S0 

0.27230E-05 

164.592 

60.960 

0.31150E-05 

153. 496 

60.950 

0.359S0E-05 

152.400 

60.960 

0.41930E-05 

146.304 

60.950 

0.49420E-05 

146.304 

54. 8 

0.441S1E-04 

2A6 

TABLE  B-14.  Estimated  8-Hour  Average  Concentrations  of  Particle-Assodated 
2,4-D  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide 
Orange  Site  jDuring  Excavation  (continued)  _ _ 


X  Coordinate 

(m) 


Y  Coordinate 
(m) 


8-Hour  Average 
Concentration 


(g/m^) 


146.304 

48.768 

0.75390E-05 

146.304 

42.672 

0.39046E-04 

146.304 

36.576 

0.14343E-04 

146.304 

30.480 

0.23499E-04 

146.304 

24.384 

0.2956lE-0^ 

146.304 

18.288 

0.45780F-G.^ 

146.304 

12.192 

0.2777.'L-04 

146.304 

6.096 

0.22C30E-04 

146.304 

0.000 

0.54160E-05 

140.208 

0.000 

0.15694E-04 

134.112 

0.000 

0.33544E-04 

128.016 

0.000 

0.16275E-04 

121.920 

0.000 

0.12159E-04 

115.824 

0.000 

0.43365E-04 

109.728 

0.000 

0.11277E-04 

103.632 

0.000 

0.40859E-04 

97.536 

0.000 

0.22260E-04 

91.440 

0.000 

0.44436E-04 

85.344 

0.000 

0.18417E-04 

79.248 

0.000 

0.58303E-04 

73.152 

0.000 

0.71890E-05 

67.056 

0.000 

0.58303E-04 

60.096 

0.000 

0.18431E-04 

54.864 

0.000 

0.44436E-04 

48.768 

0.000 

0.22274E-04 

42.672 

0.000 

0.40S59E-04 

36.576 

0.000 

0.11277E-04 

30.480 

o.coo 

0.43365E-04 

24.384 

0.000 

0.12152E-04 

18.288 

0.000 

0.16275E-04 

12.192 

0.000 

0.33544E-04 

6.096 

0.000 

0.15694E-04 
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TABLE  B-15.  Estimated  S-Hour  Average  Concentrations  of  Partide-Assodatad 
2,4,5-T  at  Rscaptor  Locations  (x,  y  Ccordinatas)  Aroimd  the  Perimeter  of  the 
Herbidde  Oreaige  Site  During  Excavation 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

8-Hour  Average 
Concentration 

0.000 

0.000 

0.12103S-04 

0.000 

6.09S 

0.78197E-04 

0.000 

12.1S2 

0,93483E-04 

0.000 

18.288 

0.1622SE-04 

0.000 

24.384 

0.104SOE-03 

0.000 

30.480 

0.83300E-04 

0.000 

^  MW  ^ 

00.0/ o 

0.50a27E-04 

0.000 

42.672 

0.13S42E-03 

0.000 

48.768 

0.2S71DS-04 

U.OOO 

54.864 

0.15666E-03 

0.000 

60.960 

0.17528E-04 

0.000 

67.056 

0.15666E-03 

0.000 

73.152 

0.26740E-04 

0.000 

79.248 

0.13S42S-03 

0.000 

83.344 

0.508S2S-04 

0.000 

91.440 

0.83300E-04 

0.000 

97.536 

0.10483E-03 

0.000 

103.532 

0.1522SE-04 

0.000 

109.723 

0.93469E-04 

0.000 

115.824 

0.78197E-04 

0.000 

121.920 

0.12110E-04 

6.096 

121.920 

0.556 15E-04 

12.192 

121.920 

0.11S94E-03 

18.238 

121.920 

Q.57715E-04 

24.384 

121.920 

0.43078E-04 

3Q.4S0 

121.920 

0.15374E-03 

35.576 

121.920 

0.40005E-04 

42.672 

121.920 

0.14484E-03 

48.768 

121.920 

0.78946E-04 

54.8S4 

I21.S20 

0.15751E-03 

60.9S0 

121.920 

0.S5333E-04 

67.056 

121.920 

0.206TOE-03 

73.152 

121.920 

0.25473E-04 

79.248 

121.920 

0.20672E-03 

85.344 

121.920 

G.65333E-04 

91.440 

121.920 

0.1575TE-03 

97.538 

121.920 

0.7S946E-04 

i 

I 
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TABLE  B-15.  Estiraated  S-Hoiir  Average  Concentrations  of  Particle-Assodated 
2,4, 5-T  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the 


Herbicide  Orange  Site  During  Excavation  (continued) 

X  Cooniinate 

Y  Coordinate 

8-Hour  Average 
Concentration 

(m) 

(m) 

(g/m^) 

103.632 

121.920 

0.14489E-03 

109.728 

121.920 

0.39977E-04 

115.824 

121.920 

0.15374E-03 

121.920 

121.920 

0.43099E-04 

128.016 

121.920 

0.57694E-04 

134.112 

121.920 

0.11894E-03 

140.208 

121.920 

0.55636E-04 

146.304 

121.920 

0.12103E-04 

152.400 

121.920 

0.50113E-04 

158.496 

121.920 

0.82285E-04 

164.592 

121.920 

0.66416E-04 

170.688 

121.920 

0.31038E-04 

176.784 

121.920 

0.95270E-05 

182.880 

121.920 

0.12936E-04 

188.976 

121.920 

0.27762E-04 

195.072 

121.920 

0.4230SE-04 

195.072 

115.824 

0.52297E-04 

195.072 

109.728 

0.21476E-04 

195.072 

103.632 

0.10129E-04 

195.072 

97.536 

0.45836E-04 

195.072 

91.440 

0.56469E-04 

195.072 

85.344 

0.17248E-04 

195.072 

79.248 

0.1955aE-04 

195.072 

73.152 

0.61453E-04 

195.072 

67.056 

0.42119E-04 

:.95.072 

60.960 

0.60690E-05 

188.975 

60.960 

0.67550E-05 

182.880 

60.960 

0.75670E-05 

176.734 

60.960 

0.85190E-05 

170.588 

60.960 

0.96670E-05 

164.592 

60.960 

0.11053E-04 

158.496 

60.960 

0.12747E-04 

152.400 

60.960 

0.14861E-04 

146.304 

60.960 

0.17521E-04 

145.304 

54.864 

0.15667E-03 

146.304 

48.768 

0.26726E-04 
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TABLE  E-15.  Estimated  8-Hour  Avemge  Concentrations  of  Particle-Assodatsd 
2,4,5-T  at  F^.2ceptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the 
Herbicide  Orange  Site  During  Excavation  (continued) 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

8-Hour  Average 
Concentration 
(g/m^) 

146.304 

42.672 

0.13844E-03 

146.304 

36.576 

0.50341E-04 

146.304 

30.480 

0.S3321E-04 

146.304 

24.384 

0.104S1E-03 

145.304 

18.288 

0.16233E-04 

146.304 

12.192 

0.98483E-04 

146.304 

6.096 

0.78183E-04 

146.304 

0.000 

0.12103E-04 

140.203 

0.000 

0.55636E-04 

134.112 

0.000 

0.11894E-03 

128.016 

0.000 

0.57694E-04 

121.920 

0.000 

0.43099S-04 

115.824 

0.000 

0.15374E-03 

109.728 

0.000 

0.39977E-04 

103.632 

0.000 

0.14487E-03 

97.536 

0.000 

0.78911E-04 

91.440 

0.000 

0.15754E-03 

85.344 

0.000 

0.65303E-04 

79.243 

0.000 

0.20571E-05 

73.152 

0.000 

0.25487E-04 

67.055 

0.000 

0.20671E-03 

60.095 

0.000 

0.65359E-04 

54.864 

0.000 

0.15754E-03 

48.763 

0.000 

0.78960E-04 

42.672 

0.000 

0.14487E-03 

36.575 

0.000 

0.39977E-04 

30.480 

0.000 

0.15374E-03 

24.334 

0.000 

0.43099E-04 

18.233 

o.oco 

0.57S94E-04 

12.192 

0.000 

0.11S94E-03 

6.09S 

0.000 

0.5563SE-04 

TABLE  B-IS.  Estiiruatad  1-Hoi'jx  Average  Concentrations  of  Particle-Assodated 
TCDD  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbidde 
Orange  Site  During  Cement  Cover  Constmction  _ _ 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


1-Hour  Average 


Concentration 

(g/m^) 


0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

6.096 

12.192 

18.288 

24.384 

30.480 

3G.57S 

42.672 

48.768 

54.864 

60.960 

67.056 

73.152 

79.248 

85.344 

91.440 

97.536 


o.coo 

6.096 

12.192 

18.288 

24.384 

30.480 

36.576 

42.672 

48.763 

54.864 

60.960 

67.056 

73.152 

79.248 

85.344 

91.440 

97.536 

103.632 

109.728 

115.824 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 
121.920 


0.70900E.0S 

0.45830E-07 

0.57720E-07 

0.95100E-08 

0.61420E-07 

0.48820E-07 

0.29790E-07 

0.81130E-07 

0.15560E-07 

0.91820E-07 

0.10270E-07 

0.91820E-07 

0.15670E-07 

0.81130E-07 

0.29810E-07 

0.4S820E-07 

0.61440E-07 

0.95100E-03 

0.57710E-07 

0.45830E-07 

0.71000E-08 

0.32600E-07 

0.69700E-07 

0.33830E-07 

0.25250E-07 

0.90100E-07 

0.23440E-07 

0.84S90E-07 

0.46270E-07 

0.92310E-07 

0.28290E-07 

0.12114E-0S 

0.14S30E-07 

0.12116E-G6 

0.3S290E-07 

0.92350E-07 

0.46270E-07 
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TABLE  B-IG-  Estimated  l-Hour  Avarage  Concantrations  of  Particle-Asaodated 
TCDD  at  Bacaptor  Locations  (a,  y  Cocrdinataa)  Arotmd  tho  Perimeter  of  the  Kerfciride 
Orange  Site  During  Cement  Cover  Corastmction  (continued) 


X  Coordinate 
(m) 


Y  Coordinate 
Cm) 


1-Hour  Average 
Concentration 


(g/m^) 


103.632 

121.920 

0.84920E-07 

109.723 

121.920 

0.23430E-07 

115.824 

121.920 

O.SOllOE-07 

121.920 

121.920 

0.25230E.07 

128.016 

121.920 

0.333  lOE-07 

134.112 

121.920 

0.69710E-07 

140.208 

121.920 

0.32310S-07 

146.304 

121.920 

0.70900E-0S 

152.400 

121.920 

0.29370E-07 

158.496 

121.920 

0.48230E-07 

164.592 

121.920 

0.38920E-07 

170.638 

121.920 

0.18190E-07 

176.784 

121.920 

0.55SOOS-03 

182.8S0 

121.920 

0.75800E-03 

1S8.976 

121.920 

0.15270E-C7 

1S5.072 

121.920 

0.24800E-07 

195.072 

115.824 

0.30650E-07 

195.072 

109.728 

0.12580E-07 

1.95.072 

103.632 

0.59300S-OS 

195.072 

97.536 

0.26S60E-07 

195.072 

91.440 

0.33090E-07 

195.072 

85.344 

O.lOllOE-07 

195.072 

79.243 

0.11460E-07 

195.072 

73.152 

0.36010E-07 

195.072 

67.053 

0.24590E-07 

195.072 

60.960 

0.35600E-08 

1S3.S73 

60.960 

0.39500E-03 

1S2.SS0 

60.960 

0.4430CE-08 

176.734 

60.9S0 

0.49900S-03 

170.633 

60.950 

0.55500E-08 

164.592 

60.960 

0.64SCOE-03 

153.4SS 

60.SS0 

0.74700E-08 

152.400 

60.SS0 

O.S7100E-03 

146.304 

60.950 

0.1Q270E-07 

146.304 

54.864 

0.91820E-07 

145.304 

48.763 

0.15660E-07 
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TABLE  B-IS.  Estimatad  1-Hour  Averaga  Concantrations  of  Particle-A^scdated 
TCDD  at  Bacapt42r  Locations  (x,  y  Coordinates)  Axotmd  tha  Perisiater  of  tbs  Herbicide 
Orange  Sits  Dtixing  Cement  Cover  Construction  (continusd) 


X  Coordinate 
(m) 

Y  Coordinata 
(m) 

i-Hoin:  Average 
Concentration 
(g/ra^) 

146.304 

42.672 

0.81140E-07 

146,304 

3S.576 

0.29S00E-07 

14S.304 

30.480 

0.4SS30E-07 

146.304 

24.384 

0.61430E-07 

146.304 

18.288 

0.95200E-C8 

146.304 

12.192 

0.57720E-07 

146.304 

6.096 

0.45820S-07 

146.304 

0.000 

0.70900E-08 

140.208 

0.000 

0.32610E-07 

134.112 

0.000 

0.69710E-07 

128.016 

0  000 

0.33ai0E-07 

121.920 

0.000 

0.252S0E-07 

115.824 

0,000 

0.90100E.07 

109.723 

0.000 

0.23430S-07 

103.632 

0.000 

0.84910E-07 

97.533 

o.coo 

0.46250E-07 

91.440 

0.000 

0.92330S-07 

85.344 

o.coo 

0.aS270E-07 

79.248 

0.000 

0.12115S-06 

73.152 

0.000 

0.14940E-07 

67.056 

.  0.000 

0.12115E-06 

60.036 

0.000 

0.33300E-07 

54.854 

0.000 

G.92330K-07 

48.768 

0.000 

0.4628GE-07 

42.572 

0.000 

0.849  lOE-07 

36.576 

0.000 

0.23430E-07 

30.480 

0.000 

0.901C0E-07 

24.334 

0.000 

0,25260S-07 

.  18.288 

0.000 

0..33310E-07 

12.192 

0.000 

0.69700E-07 

6.096 

o.oco 

0.32610E-07 

i 
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TABiiS  B»17.  Esti2:iat3d  l-Hnur  Average  Concentraticas  of  Particle-Associated 
2,4'D  at  P.acepto;r  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Eerbidde 
Orange  Site  Dining  Cement  Cover  Constnrction 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


1-Hour  Average 


Concentration 


0.000 

0.000 

0.443002-06 

0.000 

6.0S6 

0.2S340E-05 

0.000 

12.192 

0.3607QE-03 

0.000 

18.233 

0.594C0S-03 

0.000 

24.384 

0.33390S-03 

0.000 

30.480 

0.30510E-05 

0.000 

36.576 

0.1SS20S-05 

0.000 

42.672 

0.50710S-05 

0.000 

48.763 

0.97900E-06 

0.000 

54.864 

0.57390E-05 

0.000 

60.960 

0.6420CE-06 

0.000 

67.05S 

0.57390E-05 

0,000 

73.152 

0.9S000E-06 

0.000 

79.243 

0.50710E-05 

0.000 

85.344 

0.186302-05 

0.000 

91.440 

0.305  lOE-05 

0.000 

97.536 

0.284C0E-05 

0.000 

103.632 

0.59400E-06 

0.000 

109.723 

0.36070E-05 

0.000 

115.324 

0,2S640E-05 

0.000 

121.920 

0.44400E-06 

6.09S 

121.920 

0.20370E-05 

19  109 

121.920 

0.43570E-05 

13.233 

121.920 

0.21140E-05 

24.334 

121.920 

0.15730E-05 

30.430 

121.920 

0.56310E-Q5 

f-% 

oa.-jio 

121.920 

0.14650E-03 

42,672 

121.920 

0.530  50E-05 

43.763 

121.920 

0.2S92CE-05 

54.3S4 

121.920 

0.577C0E-05 

60.960 

121.929 

0.23530E-05 

07.O3S 

121.S20 

0.75710E-05 

«  ♦-j 

/ 

121.920 

0.933COE-06 

79.243 

121.320 

0.75720E-05 

85.344 

\  O  n  Q 

0.23930E-03 

91.440 

121,920 

0.5772CE-05 

97.S3G 

121.920 

Q.2S920E-03 
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TABLE  B‘17.  Estimated  1-Hour  Average  Concentrations  of  Particie-Assodated 
2,4-D  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herfaidde 


Orange  Site  I3uring  Cement  Cover  Construction  (continued) 

l-Hour  Average 

X  Coordinate 

Y  Coordinate 

Concentration 

(m) 

(m) 

103.632 

121.920 

0.53070E-05 

109.728 

121.920 

0.14640E-05 

115.824 

121.920 

0.56320E-05 

121.920 

121.920 

0.15790S-05 

122.016 

121.920 

0.21130E-05 

134.112 

121.920 

0.43570E-05 

140.208 

121.920 

0.20380E-05 

146.304 

121.920 

0.443C0E06 

152.400 

121.920 

0.18360E-05 

158.496 

121.920 

0.30140E-05 

164.592 

121.920 

0.24330E-05 

170.688 

121.920 

0,11370E-05 

176.784 

121.920 

0.34900E-0S 

182.880 

121.920 

0.47400E-06 

188.975 

121.920 

0.10170E-05 

195.072 

121.920 

0.15500E-05 

195.072 

115.824 

0.19150E-05 

195.072 

109.723 

0.78700E-06 

195.072 

103.632 

0.37100E-06 

195.072 

97.536 

0.16790E-05 

195.072 

91.440 

0.206S0E-05 

195.072 

85.344 

0.63200E-OS 

195.072 

79.248 

0.71700E-06 

195.072 

73.152 

0.22510E-05 

195.072 

67.056 

0.15430E-05 

125.072 

60.960 

0.22200E-06 

188.976 

60.960 

0.24700E-06 

182.880 

60.950 

0.27700E-06 

176.784 

60.960 

0.31200E-06 

170.688 

60.960 

0.35400E-06 

164.592 

60.960 

0.40500E-06 

153.496 

60.9S0 

0.46700E-06 

152.400 

60.36n 

0.54400E-06 

146.304 

60. 960 

0.64200E-05 

146.304 

.54.364 

0.57390E-05 

146.304 

4S.7S3 

0,S7900E-06 
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TABLE  B"17.  Estimated  1-Hour  Average  Concentrations  of  Partide-Assodated 
2,4-D  at  Recaptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide 
Orange  Site  During  Cement  Cover  Construction  (continued) 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

1-Hour  Average 
Concentration 
(g/m^) 

14S.304 

42.672 

0.50710E-05 

146.304 

36.576 

0.18620E-05 

146.304 

30.480 

0.30520E-05 

146.304 

24.384 

0.38390S-05 

146.304 

18.238 

0.59500E-0S 

146.304 

12.1S2 

0.36070E-05 

146.304 

6.096 

0.23640E-05 

146.304 

0.000 

0.44300E-0S 

140.203 

O.COO 

0.203SOE-05 

134.112 

0.000 

0.43570E-05 

12S.016 

0.000 

0.21130E-05 

121.920 

0.000 

0.157S0E-05 

115.324 

0.000 

0.5331CE.05 

109.723 

0.000 

0.14540E-05 

103.532 

0.000 

0.53070E-05 

97,536 

0.000 

0.2SS00E-05 

91.440 

0.000 

0.57710E-05 

85.344 

0.000 

0.23920E-05 

79.243 

0.000 

0.75720E-05 

73.152 

0.000 

0.93400E-06 

67. 053 

0.000 

0.75720E-05 

60.093 

0,000 

0.23940E-05 

54.354 

0.000 

0.57710E-05 

485.763 

0.000 

0.2S920P:-05 

42.572 

0.000 

0.53070E-05 

33,573 

0.000 

0.14640E-05 

30.430 

0.000 

0.56310E-05 

24.384 

0.000 

0.15790S-05 

18,283 

0.000 

0.2113QE-05 

12.192 

0.000 

0.43570E-05 

6.096 

O.OGO 

0.203S0E-05 
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TABLB  B-IS.  Estiraated  1-Hoiir  Average  Concentrations  of  Partdcls-Assodatad 
2,4,5-T  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the 
Herbicide  Orange  Site  During  Cement  Caver  Construction  _ _ _ 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


1  Hour  Average 
Concentration 
(g/m^) 


0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

6.096 

12.192 

18.283 

24.334 

30.480 

36.576 

42.672 

48.763 

54.864 

60.960 

57.056 

73.152 

79.248 

85.344 

91.440 

97.536 


0.000 

6.096 

12.192 

18.288 

24.384 

30.480 

36.576 

42.672 

48.768 

54.864 

60.960 

67.056 

73.152 

79.248 

85.344 

91.440 

97.535 

103.632 

109.728 

115.824 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 


0.15S60S*05 

0.10312E-04 

0.129S7E-04 

0.21400S'05 

0.13S20E-04 

0.10985E-04 

0.67030E-05 

0.1S254E-04 

0.35230E-05 

0.20659E-04 

0.23110E-05 

0.20659E-04 

0.35260E-05 

0.18254E*04 

0.67070E-05 

0.10985E-04 

0.13824E-04 

0.21400E-05 

0.12985E-04 

0,10312E-04 

0.15970E-05 

0.73340E-05 

0.156S4E-04 

0.76110E-05 

0.56S00E-05 

0.20273E-04 

0.52750S-05 

0.19100E-04 

0.10411E-04 

0.20770E-04 

0.S6160E-03 

0.27256E-04 

0.33590E-03 

0.272S1E-04 

0.86160E-0:5 

0.20778E-04 

0.10411E-04 
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TAELS  B-IS.  Estimated  1-Hoar  Average  Concentrations  of  Partide-Assodatad 
2,4. 5-T  at  Receptor  Locations  (x,  y  Coordinates)  Arotmd  the  Perimeter  of  the 
Herbidde  Orange  Site  During  Cement  Cover  Construction  (continued) _ 


Coordinate 

Y  Coordinate 

1  Hour  Average 
ConMntration 

(m) 

(m) 

(g/m^) 

103,632 

121.920 

0.19103E-04 

109.723 

121.920 

0.52710E-05 

115.824 

121.920 

0.20274E-04 

121.320 

121.920 

0,56330S-05 

128.016 

121.920 

0.760S0E-05 

134.112 

121.920 

0.15684E-04 

140.208 

121.920 

0.73360E-05 

146.304 

121.920 

0.15960E-05 

152.400 

121.920 

0.66080E-05 

153.496 

121.920 

0,10S51E-04 

164.592 

121.920 

0.S75a0E-05 

170.638 

121.920 

0.40930E-05 

176.734 

121.920 

0.12570E-05 

132.830 

121.920 

0.17060E-05 

188.976 

121.920 

0.36610E-05 

195.072 

121.920 

0.55800E-05 

195.072 

115.824 

0.68970E-05 

195.072 

109.723 

0.28320E-05 

195.072 

103.632 

0.13350E-05 

195.072 

97.536 

0.S0440E-05 

195.072 

91.440 

0.74460E-05 

195.072 

85.344 

0.22750H-05 

195.072 

79.248 

0.25730E-05 

195.072 

73.152 

0.S1030E-05 

195.072 

67.053 

0.55540E-05 

195.072 

60.930 

0.80000E-0S 

183.976 

60.960 

0.S9100E-06 

182.880 

60.960 

0.S9700S-Q6 

176.734 

60.960 

0.11240E-05 

170.683 

60.960 

0.12740E-05 

164,592 

60.960 

0.14580E-05 

153.496 

60.360 

O.lSolOE-Oo 

152.400 

60.960 

0.1S600E-05 

146.304 

60.960 

0.23100E-05 

146.304 

54.864 

0.2G659E-04 

146.304 

48.763 

0.35250E-05 
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TABLE  B-IS.  Estimated  l-Hour  Average  Concentrations  of  Partide-Assodated 
2,4,5-T  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the 
Herbicide  Orange  Site  During  Cement  Cover  Construction  (continued) 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

1  Hour  Average 
Concentration 
(g/m^) 

146.304 

42.672 

0.18256E-04 

146.304 

36.576 

0.67040E-05 

146.304 

30.480 

0.10988E-04 

146.304 

24.384 

0.13821E.04 

146.304 

18.238 

0.21410E-05 

146.304 

12.192 

0.12987E-04 

146.304 

6.096 

0.10310E-04 

146.304 

0.000 

0.15960E-05 

140.208 

0.000 

0.73360E-05 

134.112 

0.000 

0.15684E-04 

128.016 

0.000 

Q.76080E-05 

121.920 

0.000 

0.56830E-05 

115.824 

0.000 

0.20273E-04 

109.728 

0.000 

0.52710E-05 

103.632 

0.000 

0.19104E-04 

97.536 

0.000 

0.10406E-04 

91.440 

0.000 

0.20775E-04 

85.344 

0.000 

0.86120E-05 

79.248 

0.000 

0.27258S-04 

73.152 

0.000 

0.33610E-05 

67.056 

0.000 

0.27258E-04 

60.096 

0.000 

0.86190E-05 

54.864 

0.000 

0.20775E-04 

43.768 

0.000 

0.10412E-04 

42.672 

0.000 

0.19104E-04 

36.576 

0.000 

0.52720E-05 

30.480 

0.000 

0.20273E-04 

24.384 

0.000 

0.56830E-05 

18.288 

0.000 

0.76080E-05  ^ 

12.192 

O.OQO 

0.15684E-04 

6.096 

0.000 

0.73360E-05 
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TABLE  B-19.  Estimated  S-Hour  Average  Concentrations  of  Particle-Associated 
TCDD  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbicide 
Orange  Site  During  Cement  Cover  Construction 


X  Coordinate 
(m) 


0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

O.QOO 

0.000 

6.090 

12.192 

18.288 

24.384 

30.480 

33.576 

42.672 

43.733 

54.834 

60.960 

67.035 

73.152 

79.248 

S5.344 

91.440 

97.538 


Y  Coordinate 
(m) 


0.000 

6.0S6 

12.192 

18.283 

24.334 

30.480 

33.576 

42.672 

48.768 

54.864 

60.960 

67.053 

73.152 

79.243 

85.344 

91.440 

97.536 

103.632 

109.723 

115.824 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.920 

121.92C 


8-Hour  Average 
Concentration 
(g/m^) 


0.49630E-08 

0.32081E-07 

0.40404E-07 

0.66570E-08 

0.42994E-07 

0.34174E-07 

0.20853E-07 

0.56791E-07 

0.10962E-07 

0.64274E-07 

0.71890E-08 

0.64274E-07 

0.1C969E-07 

0.567S1E-07 

0.20867E-07 

0.34174E-07 

0.43008E.07 

0.66570E-08 

0.40397E-07 

0.32031E-07 

0.49700E-0a 

0.22S20E-07 

0.48790E-07 

0.23681E-07 

0.17675E-07 

0.63070S-07 

0.16403E-07 

0.S9423E-07 

0.323S9E-07 

0.64617E-07 

0.26803E-07 

0.8479SE-07 

0.10451E-07 

0.84S12E-07 

0.26SQ3E-07 

0.64645E-07 

0.323S9E-07 
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TASI^  B»I9,  Estimatad  S-Hoxxr  Average  Concentratioii3  of  Paxticle-Associatgd 
DD  at  Keceptor  Locations  (x,  y  Coordinates)  Aroxind  the  Perimeter  of  the  Hsrbidde 
Orange  Site  During  Cement  Cover  Construction  (continued) 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


8-Hour  Average 
Concentration 


103.632 

109.728 

115.824 

121.920 

128.016 

134.112 

140.208 

146.304 

152.400 

158.496 

164.592 

170.688 

176.784 

182.880 

188.976 

195.072 

195.072 

195.072 

195.072 

195.072 

195.072 

195.072 

195.072 

195.072 

195.072 

195.072 

188.976 

182.880 

176.784 

170.688 

164.592 

158.496 

152.400 

146.304 

146.304 

146.304 


121.920 

0.59444E-07 

121.920 

0.1640 lE-07 

121.920 

0.63077E.07 

121.920 

0.17682S.07 

121.920 

0.23667E-07 

121.920 

0.48797E-07 

121.920 

0.22827E-07 

121.920 

0.49630E-08 

121.920 

0.205o9E-07 

121.920 

0.337S1E-07 

121.920 

0.27244E-07 

121.920 

0.12733S-07 

121.920 

0.29130E-08 

121.920 

0.53060E-0S 

121.920 

0.11389E-07 

121.920 

0.17360E-07 

115.824 

0.21455E-07 

109.728 

0.88060E-08 

103.632 

0.41510S-08 

97.536 

0.18802E-07 

91.440 

0.23163E-07 

85.344 

0.70770E-08 

79.243 

0.80220E-08 

73.152 

0.25207E-07 

67.056 

0.172a3E-07 

60.960 

0.24920E-08 

60.960 

0.27720S-08 

60.960 

0.31010E-08 

60.960 

0.34930E-08 

60.960 

0.39620E-08 

60.960 

0.453S0E-08 

60,960 

0.52290E-0a 

60.960 

0.S0970E-0S 

60.960 

0.7ia90E-03 

54.864 

0.64274E-07 

48.763 

0.10962E-07 
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TABLS  B-19.  Estimated  8-Hom-  Average  Concentrations  of  Particle-Associated 
TCDD  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  rierbicide 
Orange  Site  Dunng  Cement  Cover  Construction  (continued) 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

8-Hour  Average 
Concentration 
(g/m^) 

146.304 

42.672 

0.5679SE-07 

146.304 

36.576 

0.20S60S-07 

146.304 

30.480 

0.34181E-07 

146.304 

24.384 

0.43001S-07 

146.304 

18.288 

0.6SS40E-08 

146.304 

12.192 

0.40404E-07 

146.304 

6.096 

0.32074E-07 

146.304 

0.000 

0.49630E-08 

140.208 

0.000 

0.22a27S.07 

134.112 

0.000 

0.48797E-07 

128.016 

0.000 

0.23667E-07 

121.920 

0.000 

0.17632E-07 

115.824 

0.000 

0.63070E-07 

109.723 

0.000 

0.16401E-07 

103.632 

0.000 

0.59437E-07 

S7.53S 

0.000 

0.32375E-07 

91.440 

0.000 

0.64631E-07 

85.344 

0.000 

0.26789E-07 

79,248 

0.000 

0.84S05E-07 

73.152 

0.000 

0.1045SE-07 

67.055 

0.000 

0.84S05E-07 

60.096 

0.000 

0.26810E-07 

54.864 

0.000 

0.64631E-07 

48.763 

0.000 

0.32396E-07 

42.S72 

0.000 

0.59437E-07 

33.576 

0.000 

0.16401E-07 

30.480 

0.000 

0.S3070S-07 

24.384 

0.000 

0.17632S-07 

1S.2S3 

0.000 

0.23567E-07 

12.192 

0.000 

0.4S790S-07 

6.096 

0.000 

0.22S27E-07 
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TABLE  B-20.  Estimated  8-Hour  Average  Concentrations  of  Particle-Assodated 
2,4-D  at  Rsceptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Herbidde 
Orange  Site  Dtiring  Cement  Cover  Construction _ _ _ _ 

8-Hour  Average 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

Concentration 

(g/m"*) 

0.000 

0.000 

0.31010E-06 

0.000 

6.096 

0.20048E-05 

0.000 

12.192 

0.25249E-05 

0.000 

18.288 

0.415S0E-0S 

0.000 

24.384 

0.26873E-05 

0.000 

30,480 

0,21357E-05 

0.000 

36.576 

0.13034E-05 

0.000 

42.672 

0.35497E-05 

0.000 

48.768 

0.68530E-06 

0.000 

54.864 

0.40173E-05 

0.000 

60.960 

0.44940E-06 

0.000 

67.056 

0.40173E-05 

0.000 

73.152 

0.68600E-06 

0.000 

79.248 

0.35497E-05 

0.000 

85.344 

0.13041E-05 

0.000 

91.440 

0.21357E-05 

0.000 

97.536 

0.26880E-05 

0.000 

103.632 

0.415S0S-06 

0.000 

109.728 

0.25249E-05 

0.000 

115.824 

0.2004SE-05 

0.000 

121.920 

0.31080E-06 

S.096 

121.920 

0,14259E-05 

12.192 

121.920 

0.30499S-05 

18.288 

121.920 

0.14798E-05 

24.384 

121..920 

0.11046E-05 

30.480 

121.920 

0.39417E-05 

36.576 

121.920 

0.10255E-05 

42.672 

121.920 

0.37142E-05 

48.768 

121.920 

0.20244E-05 

54.864 

121.920 

0.40390E-05 

60.960 

121.920 

0.16751E-05 

67.056 

121.920 

0.52997E-05 

73.152 

121.920 

0.65310E-06 

79.248 

121.920 

0.53004H-05 

85.344 

121.920 

0.1S751E-05 

91.440 

121.920 

0.40404E-05 

97.536 

121.920 

0.20244S-0S 
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TABLE  B-20.  Estimated  8-Hour  Average  Concantrations  of  Particle-Associated 
2,4-D  at  Receptor  Locations  (x,  y  Coordinates)  /iround  the  Perimeter  of  the  Kerbidde 
Orange  Site  During  Cement  Cover  Construction  (continued) 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

8-Hour  Average 
Concentration 

103.632 

121.920 

0.37149E-05 

109.723 

121.920 

0.10248E-05 

115.824 

121.920 

0.39424E-05 

121.920 

121.920 

0.11053E-05 

128.016 

121.920 

0.14791E-05 

134.112 

121.920 

0.30499E-05 

140.208 

121.920 

0.14266E-05 

146.304 

121.920 

0.31010E-06 

152.400 

121.920 

0.12S52E-05 

158.496 

121.920 

0.21098E-05 

164.592 

121.920 

0.17031E-05 

170.683 

121.320 

0.79590E-0S 

176.784 

121.920 

0.24430E-06 

182.S80 

121.920 

0.33180E-06 

188,976 

121.920 

0.71190E-06 

195.072 

121.920 

0.10S50E-05 

195.072 

115.824 

0.13412E-05 

195.072 

109.728 

0.55030E-06 

195.072 

'  103.632 

0.25970E-06 

195.072 

97.536 

0.11753E-05 

195.072 

91.440 

0.14476E-05 

195.072 

35.344 

0.44240E-06 

195.072 

79.248 

0.50190E-06 

195.072 

73.152 

0.15757E-05 

195.072 

67.055 

0.10301E-05 

195.072 

60.960 

0.15540E-0S 

188.976 

60,960 

0.172S0E-06 

182.8S0 

60.960 

0.19390E-0S 

176.734 

60.960 

0.21840.E-05 

170.633 

60.950 

0.247S0E-06 

1B4.592 

60.900 

0.28350E-06 

153.4S6 

60.860 

0.32330E-06 

152.400 

0.30Q3QE-06 

145.304 

b'J.L":  j 

0.44940E-06 

146.304 

54.854 

0.'^OT73E-05 

146.304 

48.763 

O.GSO.OELOO 
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TABLE  B-20.  Estiraatsd  8-Hour  Avarage  Concantxations  of  P' rticle-Assodated 
2,4-D  at  Racaptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the  Harbidde 
Orange  Site  During  Cement  Cover  Construction  (continued) 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


S-Hour  Average 
Concentration 

(g/m^) 


146.304 

42.672 

0.35497E-05 

s  , 
r  j 

146.304 

36.576 

0.13034E-05 

1  3 

146.304 

30.480 

0.21364E-05 

N 

146.304 

24.384 

0.26873E-05 

i  1 

146.304 

18.288 

0.41650E-06 

146.304 

12.192 

0.25249E-05 

ri 

146.304 

6.096 

0.20048E-05 

ij 

146.304 

0.000 

0.31010E-06 

140.208 

0.000 

0.1426SE-05 

134.112 

0.000 

0.30499E-05 

la 

128.016 

0.000 

0.14791E-05 

11 

121.920 

0.000 

0.11053S-05 

115.824 

0.000 

0.394 17E-05 

109.723 

0.000 

0.10248E-05 

103.632 

0.000 

0.37149E-05 

'1 

97.536 

91.440 

0,000 

0.000 

0.20230E-05 

0.40397E-05 

'  > 

'  i 

85.344 

0.000 

0.16744E-05 

79.248 

0.000 

0.53004E-05 

1 

73.152 

0.000 

0.65380E-06 

J 

67.056 

0.000 

0.53004E-05 

60.096 

0.000 

0.16758E-05 

;  1 

54.864 

0.000 

0.40397E'05 

t  I 

48.763 

0.000 

0.20244S-05 

f  1 

42.672 

0.000 

0.37149S-Q5 

l  1 

36.576 

0.000 

0.1024SE-05 

f  1 

30.480 

0.000 

0.39417E-Q5 

J.  ] 

24.384 

0.000 

0.11053E-05 

r-l 

18.288 

0.000 

0.14791E-05 

i 

12.192 

0.000 

0.30499E-05 

6.096 

0.000 

0.14266E-05 

! 
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TABLE  B-21.  Estimated  S-Hour  Aveimge  Concentradcns  of  Particie-Assodated 
2,4,5-T  at  Receptor  Locations  (x,  y  Coordinates)  A.round  tha  Ferirneter  of  the 
Herbidde  Orange  Site  During  Cement  Cover  Construction 


X  Coordinate 
(m) 


Y  Coordinate 
(m) 


8-Hour  Average 


Concentration 

(g/m^) 


0.000 

o.ooc 

0.11172E-05 

0,000 

6.096 

0.72184E-05 

0.000 

12.192 

0.90909E-05 

0.000 

18.288 

0.149SOE-05 

0.000 

24.384 

0.96740E-05 

0.000 

30.480 

0.76S95E-05 

0.000 

36.576 

0.46921E-05 

0.000 

42.672 

0.12778E-04 

0.000 

48.763 

0.2466iE-05 

0.000 

54.864 

0.14461E-04 

0.000 

60.960 

0.16177E-05 

0.000 

67.056 

0.1446iE-04 

0.000 

73.152 

0.246S2E-05 

0.000 

79.248 

0.12773E-04 

0.000 

85.344 

G.46949E-05 

o.oco 

91.440 

0.76SS5E-05 

0.000 

97.536 

0.96763E-05 

0.000 

103.632 

0.149SOE-05 

0.000 

109.723 

0.90895E-05 

0.000 

115.324 

0.72184E-05 

0.000 

121.920 

0.11179E-05 

6.096 

121.920 

0.5i333E-05 

12.192 

121.920 

0.1C979E-04 

1S.2S3 

121.920 

0.53277E-05 

24.384 

121.920 

0.39760E-05 

30.480 

121.920 

G.14191E-04 

36.576 

121.920 

0.36925E-05 

42.672 

121.920 

0.13370E-04 

4S.763 

121.920 

0.  /  2u  / 1  c, -Co 

34.364 

121.920 

0.14533E-04 

60.960 

121.920 

0.60312E-05 

67.056 

121.920 

0.19079E-04 

73.152 

121.920 

0.235 13E-05 

"9.24S 

121.920 

0.15033E-04 

85.344 

121.920 

0.60312E-05 

91.440 

101  090 

0.14545E-04 

97.53S 

121.920 

0.72.S77Z-05 
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TABLE  B-21.  Estimated  8-Hour  Average  Concentrations  of  Partide-Assodatsd 
2,4, 5-T  at  Receptor  Locations  (s,  y  Coordinates)  Ara’and  the  Perimeter  of  ;,’is 
Herbicide  Orange  Site  During  Cement  Cover  Construction  (continued) 


X  Coord’ nata 
(m) 


Y  Coordinate 
(m) 


8-Hour  Average 
Concentration 


103.632 

121.920 

109.728 

121.920 

115.824 

121.920 

121.920 

121.920 

12S.016 

121.920 

134.112 

121.920 

140.208 

121.920 

146,304 

121.920 

152.400 

121.920 

158.496 

121.920 

164.592 

121.920 

170.688 

121.920 

176.784 

121.920 

182.880 

121.920 

188.976 

121.920 

195.072 

121.920 

195.072 

115.824 

195.072 

109.728 

195.072 

103.632 

195.072 

97.536 

195.072 

91.4-10 

195.072 

85.344 

195.072 

79.248 

195.072 

73.152 

195,072 

67.056 

195.072 

60.960 

188.976 

60.960 

1S2.8S0 

60.960 

176.784 

60.960 

170.688 

60.960 

164.592 

60.960 

153.496 

60.960 

152.400 

60.960 

146.304 

60.960 

146.304 

54.864 

146.304 

48.763 

0.13374E.04 

0.36S97E-05 

0.14192E-04 

0.39731E-05 

0.53256E-05 

0.10979E-04 

0.51352S.05 

0.11172E-05 

0.46256E-05 

0.75957E-05 

0.61306E-0S 

Q.2S651E-0S 

0.87990E-06 

0.11942E-05 

0.25627H-05 

0.390SOE-05 

0.4S279E-G5 

0.19824E-05 

0.93450E-06 

0.42308E-05 

0.52122E-05 

0.15925E-05 

0.18053E-05 

0.56'721E-05 

0.3SS7SE-03 

0.5GOOOE-OS 

0.62370E-0i3 

0.6S790E;-06 

0.786SQE-05 

0.8918CE-06 

0.10206E.05 

0.11767E-05 

0.13720E-Q5 

0.16170E-05 

0.14461E-04 

0.24675E-05 
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TABLiE  B-21.  Estimated  8-Hour  Average  Concentrations  of  Perticle-Associated 
2,4,5-T  at  Receptor  Locations  (x,  y  Coordinates)  Around  the  Perimeter  of  the 
Herbicide  Orange  Site  During  Cement  Cover  Construction  (continued) 


X  Coordinate 
(m) 

Y  Coordinate 
(m) 

8-Hoar  Average 
Conrentration 
(g/m^) 

146.304 

42.672 

0.12779E-04 

146.304 

36.576 

0.46928E-05 

146.304 

30.480 

0.7©16E-05 

146.304 

24.384 

0.96747E-05 

146.304 

18.288 

0.14987E-05 

146.304 

12.192 

0.90909E-05 

146.304 

6.096 

0.72170E-05 

146.304 

0.000 

0.11172E-05 

140.208 

0.000 

0.51352E-05 

134.112 

0.000 

0.10979E-04 

128.016 

0.000 

0.53256E-05 

121.920 

0.000 

0.3978  lE-05 

115.824 

0.000 

0.14191E-04 

109,728 

0.000 

0.36897E-05 

103.632 

0.000 

0.13373E-04 

97.536 

0.000 

0.72842E-05 

91.440 

0.000 

0.14543E-t)4 

85,344 

0.000 

0.60284E-05 

79.248 

0.000 

0.1S081E-04 

73.152 

0.000 

0.23527E-05 

67,056 

0.000 

0.19081E-04 

60.096 

0.000 

0.60333E-05 

54.864 

0.000 

0.14543E-04 

48.763 

0.000 

0.72384E-05 

42.372 

O.QOO 

0.13373E-04 

38.576 

0.000 

0.36304E-05 

30.480 

0.000 

0.14191E-04 

24.334 

0.000 

0.39781E-05 

18.233 

O.OQO 

0.53256E-05 

12.192 

0.000 

0.1C979E-04 

6.093 

0.000 

0.51352E-05 

2t)8 
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HiskFocl's 


November  13,  1990 


Captain  Alan  Hoick 
AFOEHL_/EHT 

Brooks  Air  Force  Base,  TX  78235-5501 
Dear  Captain  Hoick: 

Enclosed  please  find  a  trip  report  for  the  Johnston  Island  site  visit 
conducted  on  October  10-11,  1990.  Please  note  the  questions  and 
needs  expressed  at  the  end  of  the  report.  This  uifonnation  is 
important  to  the  successful  completion  of  the  project.  Some  of  the 
infonnation  (e.g.,  location  of  fish  sampling  stations  4  and  6)  will  be 
easily  obtained  by  us  in  a  phone  conversation  with  Roger  DiRosa  of 
FWS. 

Yours  truly, 

Scott  R.  Bhker,  Ph.D. 

Deputy  Director 


Attachment 
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October  10-11, 


Backgroimd  for  the  Trit)  and  it5; 

The  HiakFocraa  Division  cf  Versar  is  conductkug  a  baseline  risk  ss-sesatnsnt  for 
the  Occnpational  and  Environmental  Hyaena  Laboratory  for  the  Herbicide  Orange 
(HO)  storage  site  at  Johnston  Island.  Tins  risk  assessment  is  part  of  the  site 
investigation/rsmediation  process  related  to  EPA’s  regulations  on  the  cleanup  of 
hazardoiia  waste  and  la  being  performed  in  the  context  of  DoD’s  Installation 
Restoration  Prograxa.  A  major  objective  of  the  risk  assessment  is  to  determine  the 
potential  for  hiiman  exposure  to  contaminants  at  the  HO  storage  site  (using  the 
existing  iniormation  on  site  characterization)  and  the  potential  human  health  risk 
that  is  the  consequence  of  exposure.  In  this  regard,  the  site  was  visited  as  part  of  the 
investigation"  phase  of  the  study,  during  which  several  points  of  information  to 
support  the  objectives  of  the  study  were  identified  and  obtained  (to  the  extent 
possible).  The  information  to  be  obtained  during  the  site  visit  included  the  following: 

•  The  nature  of  morbidity  (related  to  the  known  health  effects  of  HO) 
among  long-term  residents  of  tbs  island,  particularly  those  who 
participated  in  the  HO  leak  containment,  dedruraining,  and  drum 
crashing  operations; 


The  sampling  strategy  used  by  penHsnnel  of  the  Fish  and  Wildlife  Service 
to  determine  the  leveb  of  dioxin,  2,4,-D  and  2,4,5,-T  in  water,  sediments, 
and  biota; 


1 
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.  Tlie  need  for  and  possible  arrangement  for  additional  sampling  and 
monitoring: 

•  The  relation  of  site  to  other  activities  on  the  island  that  mi^t  present 
confounding  factors  on  the  risk  from  exposure  to  the  HO  site  (e.g., 
potential  for  exposure  to  dioxin  from  the  JACADS  operation  as  it  impacts 
the  dioxin  risk  potential  from  exposure  to  the  HO  site); 

•  Background  infonnation  on  the  potential  for  contamination  of  seawater 
with  dioxin  at  the  HO  site  (e.g.,  design  and  construction  of  the  seawall 
surrounding  the  site),  and 

•  Based  on  the  physical  layout  of  the  island,  activities  of  its  residents,  and 
prevailing  meteorology,  preliminary  impressions  about  the  potential  for 
exposure  to  contaminants  at  the  HO  site. 

The  knowledge  gained  from  the  site  visit  in  relation  to  these  points  of 
information  is  presented  in  the  following  descriptions.  R-ecommendations  for  additional 
data  collection  activities,  based  on  site-visit  observ’ations  and  the  objectives  of  the 
baseline  risk  assessment,  axe  presented  in  text  in  conte.xt  with  specinc  observ'ations 
that  are  being  made. 


The  nf  VTnrbiditv  ArnonT  Lcr.'r-terrn  R-?°ir!t^nts  nf  the  Tgland 

In  accordance  with  the  cbjectiveg  of  the  study,  it  is  important  to  determine  if 
current  long-term  residents  on  the  island  are  at  risk  from  exposure  to  contaminants 
at  the  HO  site.  Thi.s  Includes,  in  particular,  resident-s  '.vho  participated  lu  the  HO 
activities  in  1977  and  who  are  still  on  the  island  (estimated  to  be  16 
indisiduo-b).  It  does  not  include  resident?,  v/ho  are  on  the  island  for  short  durations 
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(one  year  or  less)  because  short-term,  espoaura  to  low  levela  of  potantisi  coutamhiaiita 
at  the  HO  site  are  not  presumed  to  result  in  a  health  risk  from  a  tomcoiogicai 
perspective.  It  also  does  not  include  residents  who  have  resided  on  the  island  in  the 
past  and  who  are  not  currently  residing  there.  Current  and  future  exposure  for  these 
latter  individuais  is  presumed  to  be  zero;  therefore,  their  attendant  currant  and  futuxa 
risk  is  prestuasd  to  be  zero. 


The  stafr  of  the  medical  unit  indicated  that  limb  injuries  (sprains,  bruises) 
constitute  mo-st  of  the  health  complaials  on  the  island.  Dr.  Patrick,  a  phyaidan 
currently  assigned  to  JI,  estimated  that  fewer  than  50%  of  the  residents  amoks, 
although  he  did  not  have  eaumerative  statistics  on  smoking  incidence.  He  also 
observed  that,  to  his  knowledge,  few  residents  have  clinically  diagnosed  allergies 
(respiratory,  derraai,  and  other  immunoiogic  responses  from  plants,  food,  dust,  pollen, 
and  in  particular  chemical  exposure).  In  part,  this  may  be  the  result  of  the  relatively 
pollution-free  atmosphere  over  the  island,  the  Isck  of  extensive  pollen-bearing  plant 
life  on  the  island,  and  the  relatively  constant  winds  that  promote  high  air  exchange 
around  the  atoll.  Three  or  four  cases  of  breast  cancer  have  occurred  over  the  years, 
in  addition  to  one  melanoma  {which  v/as  present  prior  to  residence  on  the  island  but 
v/hich  metastasized  while  on  the  island),  and  one  case  of  lung  cancer  in  a  smoker. 
Any  hematolcgicai  workups  needed  were  done  at  the  Straub  Clinic  on  Oahu. 

As  a  matter  of  due  cotxrse,  a  more  a^resaivs  occupations!  medicine  program 
should  be  iaatitutsd  on  the  island,  including  medical  monitoring,  to  determine  if  the 
island’s  hazards,  including  the  HO  site,  are  impacting  the  health  of  its  long-term 
civilian  residents. 


Sixtasn  (16)  indiriduals  v/ho  arc  stdi  on  the  island  worked  at  the  HO  sits.  A  list 
of  these  iadiriduab  was  provided,  Their  medical  histories  ahould  ba  exa-inined  for  HO- 
related  illnaaaes. 
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Sampling-  Strategy  Used  to  Determing  the  Levels  nf  HO  Constituents  in  Water. 
Sediments,  and  Biota 

Because  the  island  is  a  National  Wildlife  Refuge,  personnel  of  the  U.S.  Fish  and 
Wildlife  Service  were  present  to  manage  the  nnimal  life  on  land  and  in  the 
surrounding  waters.  Their  activities  center  around  identification,  enumeration,  and 
further  characterization  of  biota  in  the  island  environment,  and  in  assisting  Federal 
departments  in  the  sampling  and  an.aly3i3  of  biological  and  environmental  samples  for 
evidence  of  chemical  contamination.  In  that  context,  the  FWS  staff  were  drawing  fish 
and  sediment  samples  to  support  the  JACADS  monitoringprogram  for  dioxin-  Samples 
of  fish  and  sediment  are  being  drawn  on  a  semiannual  basis  from  the  area 
surrounding  the  HO  site.  Although  a  degree  of  order  and  record  keeping  are 
maintained  by  FWS  staff  in  their  sampling  regimen,  there  is  no  scientifically-based, 
systematic  collection  scheme  (i.e„  sampling  method,  frequency,  location,  and  fish-type) 
in  place  with  an  objective  of  monitoring  the  potential  migration  and  bioaccumulation 
of  contaminants  in  the  aquatic  environment.  Sampling  parameters  are  left  to  the 
discretion  of  FWS  staff.  Reports  of  tissue  and  sediment  analyses  being  conducted  by 
Radian  Corporation  have  been  made  available.  The  most  recent  analytical  results  were 
provided  by  FWS  staff  during  the  site  visit.  FWS  staff  are  embarking  on  a  sample 
collection  and  monitoring  program  to  support  the  JACADS  actirity.  This  will  be 
centered  on  the  coral  reef  dov.mrange  of  the  HO  site  and  presents  a  potential  for 
collaboration  with  sampling  needs  for  the  HO  site  investigation  (see  below). 


Need  f or  and  Possible  Armn^ement  fnr  Additional  Sampling  and  Monitoring 


A  potential  protocol  for  future  aquatic  sampling  was  discussed  at  length  'with 
nVS  staff  on  the  islsnxi  Tne  stated  objective  is  to  determine  the  possible  link 
bei'woe.n  HO  site  contaminsticn,  sedLiment/'water/nsh  contamination,  and  hunron 
consumption  of  coatarranated  fir-h  foy  catchiitg  them  off  the  west  wharf  near-  the  KO 
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site).  The  samplmg  plan  should  be  responsiva  to  this  objective  and  was  conceived  as 
presented  below  for  further  consideration: 

The  physical  layout  of  the  area  consists  of,  on  land,  the  HO  site  and  west  wharf, 
and,  in  water ,  a  seawall,  reef,  and  intermediate  area  between  the  seawall  and 
reef.  To  draw  links  between  the  HO  sits  and  the  potential  human  consumption 
of  contaminatad  fish  caught  at  the  fishing  wharf,  samples  should  ha  taken  at  the 
following  locations: 

•  Snails  (a  representative  of  filter  feeders)  and  ssdimsnt  (to 
determir^  if  HO  sits  contaminants  are  leaching  from  site  to 
sediment  or  seawater)  immediately  off  the  HO  site: 

•  Goat  fish  (representative  of  an  intermediate  aquatic  trophic  level) 
and  sediment  in  the  intermediate  area  off  the  HO  site; 

•  Herbivores  and  predatory  fish  (representative  of  a  higher  trophic 
level)  and  sediment  at  the  reef  off  the  HO  site: 

•  Sediment  at  the  reef  off  the  fishing  wharf, 

.  Sediment  ci  the  intermediate  area  off  the  fishing  wharf; 

.  Sediment  at  the  seawall  off  the  fishing  wharf;  and 

•  Fish  that  are  caught  by  individuals  fishing  off  the  wharf. 

There  is  some  question  as  to  whether  or  not  fish  migrate  between  waters  oiT 
the  wharf  area  and  v/aters  off  the  HO  sits,  and  whether  fish  at  the  reef  coma  Inland 
as  potential  catch.  The  fish  tagging  and  tracking  effort  that  would  be  required  to 
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address  tids  issue  is  a  costly  and  labor-intensive  xmdsrtakmg.  The  above  plan 
circumvents  the  need  for  such  an  elaborate  activity  by  drawing  links  between  HO  site 
contamination  and  actual  catch. 


Dr.  Phillip  LaBebe  of  the  Woods  Hole  Oceanographic  Institute  will  be 
embarking  on  a  sampling  regimen  related  to  the  JACADS  operation  to  monitor  the 
existence  of  fiirana,  dioxins,  and  PCB’a  in  sediments  and  fish  at  the  reef  and  west 
camera  stand.  This  presents  an  opportunity  for  the  Air  Force  to  collaborate  on  any 
need  for  further  sampling  with  that  being  conducted  by  Dr.  LaBelle  for  the  Aberdeen 
Proving  Ground-  The  JACADS  monitoring  program  will  begin  shortly  so  that  timely 
decisions  on  the  need  for  additional  sampling  related  to  the  HO  site  are  needed.  It  is 
anticipated  that,  as  long  as  stack  monitors  at  the  JACADS  incinerators  do  no:  detect 
these  chemicals  at  the  stack,  no  JACADS-reiated  chemicals  will  appear  in  biota  off  the 
west  end  of  the  island. 

Weil-placed  locations  for  drawing  a  few  water  samples  should  be  ascertained. 
As  a  substitute  for  taking  extensive  water  samples,  it  may  be  sufficient  to  place 
current  meters  in  the  water  to  gain  additional  knowledge  of  present-day  current 
patterns.  This,  in  combination  with  existing  empirical  information  on  currents  in  the 
Atoll  in  general,  may  provide  information  on  the  potential  role  of  currents  in  the 
distribution  of  HO  site  contaminants  and  further  information  on  the 
land/watsr/fisfa/sediment  interfaces. 


Si' 
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There  is  a  need  to  get  os  accurate  mforraaticn  as  possible  on  consumption 
(frequency  and  quantity)  of  fi.sh  caught  off  the  west  end  of  the  island,  as  well  as  the 
dioxin  levels  in  thos-s  fish. 


V/ith  regard  to  air  monitoring,  there  b  a  distinct  aroma  of  formulation 
constituents  in  the  area  of  the  transformer  west  of  the  HO  site.  Based  on  dioxin  levels 
at  selected  locatioms  within  the  site  on  dstennined  in  the  19S3  .soil  characteriration 
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study,  it  ia  plausibla  that  dio-^i  jisd  other  IIO  formulation  mgrsdi3nt3.(2,‘4.D,  2,4,5-T, 
emulsiSQra,  pH  buyers,  dstargents,  atahiiizsra,  eta)  as  racoatamiiiaata  may  be 
volatilizing  &om  the  sits.  Sines  fire-txaimng,  bum-pit,  and  possibly  other  activitiss 
occur  ia  this  downwind  area,  tha  air  aa  a  potential  source  of  personnel  esposure  to 
HO-site  denvsd  chssnicsda  should  ba  laonitorsd  for  2,4,-D  and  2,4,5-T  and  in  particakr 
2,3,7,S-dloxm  that  may  ba  volatilhdng  fmm  tha  HO  sita.  Tomato  plant  bioassays 
provida  only  crude  estimates  of  tha  prasensa  of  diomn  according  to  the  severity  of 
epinastio  gro^h.  This  bioassay  is  not  siiSldant  for  hurnsn  esoosure  estimation. 


Activities  on  the  Island  gn..PbtentiaI  Confm^r^ders  to  Risks  from  the  HO  Site 

There  is  a  potential  for  a  confounding  eSect  prassnted  by  two  possible 
carcinogen-generating  sources  on  ths  island  other  than  tha  HO  site; 


The  JACADS  facility  is  located  upwind  of  tiia  HO  site  and  activities  west 
of  the  site.  Tne  potential  for  diotdn  release  from  JACADS  is  unknown. 
For  purposes  of  tha  baasliaa  risk  assessment  related  to  the  Pi'O  sita,  it 
will  be  asstnned  that  the  potentiai  for  JACADS  to  pose  a  confounding 
iniluencs  in  air  or  water  media  is  negligible.  Neyerthsless,  should  there 
be  airborne  dioxin,  furan,  or  other  carcinogemc  releases  from  the 
JACADS  indnsratora  and  dioxin  releases  from  the  HO  site,  any 
concentrations  at  locatioaa  v/eat  of  the  HO  site  would  have  to  ba 
apportioned  between  the  two  sourcaa  by  air  dispersion  modeung 
(requiring  knowledge  of  the  source  term).  The  rsliahiiity  of  results 
presented  by  modsllng  may  b-s  queatioaabls  enough  to  warrant 
additional  monitonng.  Currently,  monitoring  for  dioidn  related  to  tha 
JACADS  operation  ia  bein,g  conducted  only  at  tha  stack;  downmngn  (Hi- 
Vol)  samplers  are  monitoring  for  criteria  pollutants  and  not  for  organics. 
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Tha  current  fire  training  area  is  located  immediatei/  downiange  of  the 
HO  site.  Sines  this  is  a  combus-don  operatioL  (probably  fueled  by  a 
petroleum-based  product),  there  is  a  possibility  in  i-  the  area  is 
contaminated  with  PAH’s  (Ls.,  cardnogens)  irdudrn,. ;  ?r2p}n“ana3  and 
dinsrin.  Soil  analyses  of  thia  area  as  presented  the  1S3S  soil 
characterization  study  reveal  levels  of  15  and  24  ppn  c  the  fire  tniining 
area.  This  may  impact  health  risks  associated  with  the  HO  site  through 
both  air  and  water  media  in  ways  that  are  diScuit  to  predict  with 
existing  data. 


Potential  For  Contamination  of  Seawater  with  Chemicfiiq  nt  the  HO  Site 


Some  aquatic  and  sediment  samples  have  contained  dioxin  to  varying  degrees. 
If  continuing  monitoring  of  sediments  and  fish  reveals  contamination,  particularly  if 
the  levels  that  are  not  diminishing  with  time,  the  possibility  that  the  HO  site  as  a 
source  of  dioxin  m  water  must  be  explored.  The  seawall  risers  sturounding  the  HO 
site  are  lined  with  an  impervious  tough  material  near  to  the  top  of  the  seawall  as  it 
adjoins  the  ground  of  the  HO  site.  There  are  two  potential  sources  of  migration  of 
contaminants  at  the  site  to  the  surroimding  aquatic  environment: 


Backwash  of  contaminated  soil  over  the  seawall  on  those  rare 
meteorological  occasions  when  seawater  is  able  to  climb  over  the  wail; 


Possible  confluence  between  the  groundwater  aquifer  under  the  site 
with  the  sea-  The  groundwater  aqxnfer  under  the  HO  site  has  not  been 
characterized.  To  ascertain  if  groundv/ater  is  a  potential  source  of 
fugitive  escape,  tbs  following  prudent  protocol  should  be  conductai 

.  At  hot  cells  on  the  HO  site,  bore  holes  into  the  water  table; 
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If  grotaidwater  is  dsarastariss  both  the  aqiiifar  and 

ths  asntaminant  pluma; 

Determine  if  the  pliima  k  (or  ia  prsdi.cted  to)  reach  the  seawater; 

Determine  the  fr&qnszsj^  of  topsoil  baing  washed  out  to  sea; 

Eatimata  wind  erosian  and  ssa  deposition  of  topsoil  from  the  site; 
and 


Dstennine  Isvela  of  diomm  in  sadixaents  and  biota  (sa-a  above: 


Because  the  HO  site  is  at  the  wrastem  edge  of  the  island  in  the  pressnca  of 
prevailing  easterly  winds,  there  ia  not  ranch  potentiai  for  e^osiire  via  the  air.  There 
is  also  not  much  potential  for  confounding  eSscts  from  tha  JAGADS  facility  due  to 
design  and  safety  features  of  that  facility;  any  JACADS  relsaoea  ’ivill  be  acute  epiaodic 
with  health  ccnnequences  (if  any)  that  ara  dilTerent  from  those  posed  by  HO-site 
contaminants.  The  firs  training  ai-sa  posea  a  mors  plauaible  source  of  confounding 
synergiatic  or  potentiative  exposure  bacauea  of  its  proximity  to  ths  HO  site  (Le.,  ths 
possibility  that  personnel  working  around  ths  5ra  training  area  might  recsivs 
exposures  from  the  HO  site)  and  tha  probable  sixoilarity  in  mode  of  action  of 
contaminants  from  the  HO  site  and  tha  fira  traming  area.  The  health  status  of 
islanders  k  a  complete  unknown  (smoking  histcrisa,  morbidity).  As  a  result  it  will  be 
difllcult  to  select  likely  sensitive  individuals,  la  accordance  with  nHE2A  procedures, 


risk  will  be  dstsnnined  for  tha  MEI  (moat  exp-osad  indr/idml)  and  MEAP  (most 
exposed  actual  person).  Considarizig  the  afr  end  water  m  teuisport  media  for  HO* 


derived  dioxia  ai?.d  other  HO-site  coatam,ina.uto  (i.s.,  tha  only  potential  souit?s3  of 
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ejqjoaura),  waiar  po^  a  greatar  risk  bacaiisa  of  Sah  contamination  and  human 
consumption. 


Mlowun  Information  .Negdid 

In  order  to  condxict  a  thorough  analysia  for  the  basaline  risk  assessment,  we 

would  Hks  to  obtain  answers  to  the  following  questions: 

•  What  is  the  formulation  composition  of  HO  (chemicals  and  ?o  w:)?  This  will 
help  us  determine  the  range  of  contaminants  present  at  the  site.  Presumably 
the  maker  (Dow  Clhetmcai)  of  HO  would  have  thig  information.  It  may  be  more 
readily  available  in  Air  Force  files  than  by  starting  vdth  a  cold  call  to  Dow. 

•  How  much  time  (frequency  and  time  inierjoi  per  occurrence)  do  people  spend 
downwind  of  the  HO  site  (at  the  bum  pit  and  the  fire  training  arec)l  Someone 
(who?)  on  JT  would  have  to  provide  estimates. 

•  WTicre  would  we  be  ahle  to  obtain  automated  meteorological  data  (data  tape  or 
disk)  for  the  island"? 


Who  designed  the  seawall?  V/e  vmuld  like  to  find  out  the  principle  of  ses.r.vs,LI 
operation,  water  dyn.amim  through  the  seawall,  and  the  likelihood  of  le.akag-e 
of  water  through  it. 

Can  you  help  us  heats  Calonei  Nay  (?)  cl  Tyndall  AFS?  He  was  the  baee 
engineer  during  the  time  of  the  HO  removal  operation.  He  may  ba  eble  to 
pro’dde  informatmn  on  the  locution  of  .specrac  operaiiona  (e.g.,  buiring  of 
dunnage,  use  of  ash  for  fill). 
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Can  you  hMp  US  obtain  a  copy  of, Hearns  EXE  S?jzmd  Suupl^^^^  Stora^ 
tmd  Ul&nats  Disposal  cf  &s  Eurspssn  CEismicizJn  (first  and/or  second 
visions)? 


What  ars  stations  4  and  6  identifying  looaiians  from  which  fish  are  being 
sampUdl 


Can  you  phase  furnish  the  following  dccumsnts  cited  in  ths  Holrnss  and  Naiwer 
Prelimiraty  Assessment  of  Johnston  Atoll  (Gctober  1989): 


Channell,  R.E.,  and  T.L  Stoddart,  April  19S4,  Herbicide  Orange 
Monitoring  Progrrwv  InteruTtB^port,  Jcnuary  1380-D€Cg7Tiber  1932,  ESL- 
TR-S3-66,  SSL,  AFESC,  Tyndall  AFB,  Florida. 


Rhodes,  2  Lt,  Albert  N.,  Januaiy  2, 1935,  Johnston  Island  Fish  Samples, 
Letter  to  USAF  OEHL/EC. 


Casanova,  J,N.,  January  1S86,  JT  Survey  Sampling  and  Analysts  Project, 
EG5sG/Idabo,  Inn,  Idaho  Fa’la,  Idaho. 


Casanova,  J.N.,  March  193S,  Johnston  Island  Survey  Sampling  and 
Analysis  Project  Addendum  I,  EG&G/Idaho,  Inc.,  Idaho  Falls,  Idaho, 
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